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Let’s unscramble the 


The language of noise is introducing many words 
and phrases that are unfamiliar and confusing. 
This basic “dictionary” may help clarify some 
of this new vocabulary. 


Let’s start with... 


SOUND-The source of sound is usually a 
vibrating object. When the object vibrates, it 
sets up pressure waves (also called condensa- 
tions and rarefactions) in the air. These waves 
reach our ears and we hear sound. Generally, 
regular or uniform waves produce pleasant 
sound. Irregular or non-uniform waves create 
unpleasant sound. And this brings us to a 
practical definition of . . . 


NOISE—Unpleasant or unwanted sound caused 
by unrelated or random sound waves. These 
sound waves have two main properties that 
distinguish one noise from another. These prop- 
erties are frequency and sound pressure level. 
First let’s look at... 


FREQUENCY—Often called tone, frequency is 
simply the number of times per second that sound 
vibrations reach the ears. Frequency is expressed 
in cycles per second. The low note on a piano 
key board, for example, sends out vibrations on 
a sound wave frequency of 27.5 cycles per 
second. The hearing range of the human ear 
is from 15to 15,000 cycles per second. The other 
factor in sound measurement is. . . 


SOUND PRESSURE LEVEL This is a term used 
to express the difference between the least sound 
that can be heard by a normal ear (reference 
pressure) and any other sound. To the layman 
hearing a sound of a constant frequency, the 
sound pressure level of that frequency would 
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Peaked cap as- 
sembly for persons 
exposed continuously 
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level noise. 


M-S-A NOISEFOE— 


Head-set suspension 
type, easy to put on, 
take off. For inter- 
mittent entry into 
noisy areas. 


vocabulary ! 


be what he would call loudness. The technician, 
however, considers loudness a function of both 
sound pressure level and frequency. The unit of 
measure used to express the sound pressure 
level is the... 


DECIBEL--An example can best explain this 
term. If a sound pressure level reading was 
taken in an average living room, the instrument 
would indicate about 40 decibels. A reading at a 
station while a train was passing through would 
indicate a sound pressure level of about 100 
decibels. The decibel, therefore, is a measure 
used to show by what proportion one sound 
pressure level is greater or less than another. 
A word of caution: the direct proportion does 
not identify sound energy. In our example, while 
the one decibel value is 244 times the other, 
the train notse is actually 1,000,000 times as 
great in sound energy as the noise in the living 
room. 


OCTAVE BANDS-—This term is often used in 
noise survey work. Octave bands are arbitrary 
spreads of frequencies (cycles per second). Oc- 
tave bands are selected so the lowest frequency 
within a band is half the highest . . . 75-150 
band, 150-300 band, for example. These octave 
bands are distributed throughout the entire 
noise range from 15 cycles per second to 15,000. 
It is common practice in survey work to measure 
the overall sound pressure level and the sound 
pressure level in each of several octave bands. 

There are, of course, many other terms and 
phrases used in the discussion of noise control 
and measurement. Much of this information is 
published in our booklet, Noise—Questions and 
Answers. If you are concerned or confused, you 
will find it profitable reading. Send for a copy. 
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She of Health 


LIEUT. COL. HAMILTON B. WEBB (MC), U.S.A.F. 


The health of a community may be meas- 
ured by statistical methods, but the health 
of an individual must be measured by a 
professional evaluation. This is a common- 
place activity in military medicine, and it is 
one which is required by law. The National 
Defense Act, the Career Compensation Act, 
the Air Force Reserve Act, and other laws 
specify physical examination or medical 
qualification for certain actions and ap- 
pointments. This congressional interest in 
the health of military persons is not forced 
upon an unwilling Surgeon General; the 
medical services, like industry, are deeply 
and increasingly concerned with medical 
qualification, fitness, and health. 

Commonly when a person is medically 
examined to evaluate his health, it is with a 
prognostic purpose in mind. We intend to 
forecast the subject’s ability to do a certain 
job or go to a certain place. These “prog- 
nosis” examinations are routine for prospec- 
tive employees, enlistees, promotees, and 
transferees in both military and industrial 
frames of reference. 

Somewhat less commonly we measure and 
evaluate present health or current status. 
Such an examination is done, for example, 
to make the decision between duty status 
and retirement, or disability benefit. “Status” 
examinations may also be follow-up in na- 
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Presented to the Orientation Conference for 
Coordinators of the Medical Education for National 
Defense (MEND) Program, at the National Naval 
Medical Center, Bethesda, Md., April 10, 1955. 


ture, particularly after the return to work 
of persons industrially injured, as by noise. 

A third type of individual health measure- 
ment might be called the “percentage” exam- 
ination. This is becoming commonplace in 
all kinds of physical disability compensation 
matters. Total or partial? Permanent or 
temporary? Fit, unfit, or limited service? 
These determinations are hard enough, but 
often we must go further and actually estab- 
lish a numerical percentage of disability. 
This may be based on the concept that the 
scarred person deserves some financial con- 
solation or that there has been a measurable 
interference with his future earning capac- 
ity. Here we are back to prognosis again. 

In order to prognosticate a person’s health 
in the future, we must know something 
about the stresses to which he will be sub- 
jected. I would have said “everything” if 
this were a possibility ; one cannot ever know 
enough about these stresses to enable perfect 
prognoses to be made. Here is the basic 
reason why the flight surgeon, the industrial 
surgeon, the military surgeon, and others 
must also make “stress examinations.” In 
a sense we must do a physical examination 
of the job and the environment in order to 
evaluate the man concerned. Just as indus- 
trial medicine must be practiced in the plant, 
military medicine must be practiced in the 
field and aviation medicine on the flight 
line and in the air in order that the stresses 
of the working environment may be examined 
and evaluated. 

It is the variation in stresses which re- 
quires progressive levels of standards. The 
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military services, as an example, examine 
young men for induction, enlistment, com- 
mission, and flying, and for the Academies. 
The inductee is expected to serve for two 
years as an unskilled worker; the enlistee 
must be one who can serve four years and 
accept some technical training but little re- 
sponsibility ; the commissioned officer must 
accept responsibility and exercise leadership 
at all times and places in a professional (as 
opposed to technical) capacity; the aviator 
and the infantry company commander must 
bear heavy equipment and grave responsibil- 
ity with fortitude and composure under the 
severest physical stresses, and the Academy 
matriculant must be expected to do this 
for 34 years ard not be retired for disability 
at age 60. With the exception of flying and 
combat duties, we have the same span of 
stresses, from laborer to highly responsible 


executive, among government civilian per- 
sonnel. 


After a person is chosen for employment, 
he must be given the proper job. Here again 
we measure his health with a stress yard- 
stick. In the military services this can no 
longer be done on an individual basis, and 
a mechanical system has been established. 
The Canadian and British military services 
originated and still use essentially the same 
system. By this method each enlisted person 
is given a “physical profile” categorizing him 
in one of four grades under six headings. 
The United States Armed Forces use head- 
ings for the Physique, Upper and Lower 
extremities, Hearing, Eyes, and Psyche. 
Suffixes are used to indicate temporary and 
remediable conditions, and a suffix “D” 
means that there are geographical considera- 
tions of medical importance. The profile of 
a bespectacled airman, with healed flak 
wounds of his hand and knee, might read 
pULHES Every job description in the 
Air Force Career Manual has a profile too; 
these profiles were formulated by Air Force 
industrial medicine officers practicing in the 
offices, warehouses, and hangars on air bases. 
It has been necessary to change some of 
these; for instance, the importance of color 
110 


vision for petroleum-oil lubricants was tardily 
appreciated and required a change. The 
personnel officer uses the job description 
manual in assigning personnel. He would 
not assign the above-cited airman as a 
propeller specialist ES) but could 
use him as an engine mechanic J 

At one time considerable attention was 
given to the influence of climate and weather 
on health, but military medical experience 
in recent years has tended to deprecate this. 
There is a small number of known specific 
factors which permit action. The allergic 
person with a well-defined sensitivity may 
benefit if he withdraws from exposure. The 
pure goldenrod sufferer and the pure sage- 
brush sufferer may change places with mutual 
benefit. We will gain by keeping the popula- 
tion of those subjected to Raynaud’s disease 
in the South. These precise cases are rare; 
by far the largest cause of disability or low 
effectiveness is something like chronic dis- 
satisfaction. The man who complains of 
bronchitis due to the climate in England so 
bitterly that he gets transferred to New 
Mexico will probably no longer complain 
of cough, but he will find something else 
to complain of. The alluring prospects of 
cure by transfer have proved a snare and 
a delusion in military experience. In the 
United States Air Force we no longer meas- 
ure health against climate and weather. 

We are continually striving, however, to 
measure mental health and _ psychological 
stresses. This problem becomes paramount 
in “prognostic” examinations for advance- 
ment. The man who is to be promoted has 
usually demonstrated aptitude and musculo- 
skeletal vigor. The examiner is actually con- 
cerned with psychophysical stability. This is 
also pertinent in the final selection process 
for flying and therefore has been the subject 
of exhaustive research. We have been fairly 
successful in the prognostic measurement 
of capacity to learn, of skill, of aptitude, of 
intelligence, of coordination, and of other 
phenomena. But the only instrument we have 
for measuring future anxiety or for predict- 
ing stability under stress is th ~vstal ball. 
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When this is used by the experienced physi- 
cian familiar with the subject’s past history 
and present state and acquainted with the 
stresses of the position, it is a valid instru- 
ment, but not in any other hands. In aviation 
medicine some form of “adaptability rating” 
is formulated by each flight surgeon. There 
are certain mandatorily disqualifying factors, 
such as epilepsy or a history of shock ther- 
apy. There are some factors which are 
favorably looked upon, such as a stable 
school or job history or a completed tour 
of hazardous duty. This “adaptability rating” 
may be variously and arbitrarily scored; 
it constitutes up to now our best effort at 
measuring psychophysical stamina. There 
may come a day when we can by a quasi- 
mechanical means evaluate the psyche, as 
we now can measure blood pressure, roent- 
gen tolerance, visual acuity, or blood sugar. 
This day is not near, however. As far as can 
be seen, the measurement of a person’s health 
will continue to be the professional evalua- 
tion of the person concerned. 


As presently accomplished, health meas- 
urement is an effective procedure. The aver- 
age annual loss of personnel in the United 
States Air Force is 0.006—6 persons sepa- 
rated for physical disability out of each 
1000 of Air Force population annually. On 
the other hand, there is a lot of room for 
improvement; one-third of the disability 
separations come during the subject’s first 
six months of military service. The more 
accurate measurement of the health of this 
large number of persons would have spared 
the services a very considerable expense. 

In conclusion, it has been pointed out 
that the measurement of individual health 
is still a professional evaluation. Health is 
measured for status and compared with 
existing stresses, for prognosis and com- 
pared with future environmental stresses, 
and for percentage and compared with fu- 
ture individual capabilities. The critical 
portion of any measurement is the esti- 
mation of the individual’s psychophysical 
stability. 


111 


2 
ad 


TFibrogenic Aetivity 


The Action of Fused Silica, Quartz, Cristobalite, and Tridymite on the Livers of Mice 


S. H. ZAIDI, M.B. 


E. J. KING, D.Sc. 
C. V. HARRISON, M.D., London 
and 


G. NAGELSCHMIDT, D.Phil. Sheffield, England 


In a previous paper King, Mohanty, Har- 
rison, and Nagelschmidt * studied different 
forms of free silica, i. e., fused silica, quartz, 
cristobalite, and tridymite, of high purity 
and equal particle size by injecting these 
substances intratracheally into the lungs of 
rats. In spite of almost identical silica con- 
tent, size distribution, and silica solubilities, 
the fused silica acted less rapidly and pro- 
duced less fibrosis than the crystalline forms. 
Of these, quartz was the next most rapidly 
acting and fibrogenic; cristobalite was still 
faster reacting and more fibrogenic; and 
tridymite was the most rapid in producing 
severe fibrosis. It appeared probable that 
tissue activity in the presence of the different 
dusts was somehow related to the crystalline 
structure of the particles; but the reason for 
this cannot yet be explained. Another pos- 
sible explanation of the different pathogenici- 
ties of these several free silica dusts might 
be that they are removed in different 
amounts and at different rates from the lungs 
by phagocytosis and lymphatic drainage. 
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The present investigation was planned in 
order to study the differences in pathogenic- 
ity of these different forms of free silica 
and the intensity of tissue reaction in the 
livers of mice. With this organ it seemed 
unlikely that the results could be complicated 
by any variable rate of elimination of the 
particles, as might be the case with the lung, 
since it seemed that all injected particles 
would probably be caught in either the liver 
or the spleen. Moreoyer, we wished to de- 
termine whether the fibrogenic response to 
these dusts was the same in a different tissue 
and a different animal as that which we 
had found in the lungs of rats; we also 
wished to test whether intravenous injection 
of powdered minerals would result in more 
rapid development of fibrosis in mice livers 
than we had found in rats’ lungs and whether 
such a method might be an easier and more 
rapid means of testing mineral dusts than 
the intratracheal procedure with rats and 
guinea pigs which we had used in the past. 

The same dusts as previously used, i. e., 
fused silica, quartz, cristobalite, and tridy- 
mite, have accordingly been injected intra- 
venously into mice in order to study the 
effect of their crystal structure (or lack of 
it in the case of fused silica) on the liver 
and spleen. The “one injection,” as employed 
by Gardner? in 1938, was used; the dust 
was suspended in isotonic saline and injected 
into the tail vein of mice. 


EXPERIMENTAL STUDY 


Description of Samples —Fused silica was ob- 
tained from the Thermal Syndicate and had been 
made from pure quartz crystals from Madagascar. 
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The quartz was prepared from a Belgian glass 
sand of high purity; the cristobalite, by heating 
Loch Aline quartz sand for one hour at 1620 C 
without flux, and the tridymite, by dissolving the 
glassy impurities of a silica cement, which had been 
for a long time in a gas retort house at approxi- 
mately 1380 C. From these samples fractions below 
2 Stokes’ diameter were prepared. 

The quartz contained 99.2% SiO:, and the other 
materials 99.5% by chemical analysis. Their silica 
solubilities corresponded to 13 to 14 mg. of SiO: 
per 100 ml. when a 2% suspension of them in saline 
buffered at pH 7.4 was agitated at 37 C for one 
week. Their particle sizes were all below 3.6“, and 
more than 95% were below 2.64 by microscopic 
measurement. Their calculated surface areas lay 
between 1.8 and 2.6m2/gm. These characteristics of 
the samples used are set out fully in the previous 
paper, together with their x-ray diffraction pattern 
diagrams. 

Preparation of Dust Suspensions—Amounts of 
200 mg. of the individual dusts were weighed and 
transferred into a dust grinder. Ten milliliters of 
isotonic saline was added, and the mixture was 
thoroughly ground to obtain a uniform suspension. 
The suspension was transferred into a screw-cap 
bottle and made to 20 ml. by addition of an extra 
10 ml. of saline. The bottles were sterilized by 
autoclaving. One-half milliliter of this suspension 
contained 5 mg. of the dust. 

Animals.—Thirty male mice were used for each 
of the dusts. They were Swiss strain, and their 
average weight was 20 gm. 

Experimental Procedure.—The bottle containing 
the dust suspension was well shaken, and 0.5 ml. 
of the suspension was drawn into a 1 ml. Record 
syringe, to which a short No. 17 needle was fitted. 
The mouse was held in a short wide glass tube with 
its nose against a wire mesh and its tail protruding 
through a notch cut in a thin cork stopper which 
was inserted into the end of the tube following the 
mouse. The syringe was kept well agitated until 
the moment of injection, when the needle was intro- 
duced into the tail vein and the suspension injected. 


Duration of Experiments.—In the quartz group a 
few extra animals were introduced in order to study 
the initial reaction to this dust; these were killed 
5 minutes, 10 minutes, 15 minutes, 1 hour, 24 hour, 
4 days, and 15 days after the injection. 

During the course of the experiment, 9 of the 
fused-silica animals died, 5 of the quartz, 12 of the 
cristobalite, and 10 of the tridymite. Two animals 
from each of the groups were killed at monthly 
intervals up to 180 days and then at fortnightly 
intervals up to 273 days. 


Pathological Technique —Routine necropsies were 
carried out on dead and killed mice. The liver, 
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spleen, kidneys, and lungs were fixed in 10% formol 
saline. In the quartz group, in addition to the above 
procedure, small samples of fresh tissue from the 
liver, spleen, lung, kidney, and bone marrow were 
teased out in isotonic saline and examined as wet 
preparations under polarized light. 

After preliminary fixation, blocks were selected 
along the vertical axis of the liver to include the 
maximum representative areas of the liver for 
histology, and similarly from the spleen and kidneys 
to include their maximal diameters. The whole 
lungs were blocked in the earlier killings of the 
quartz group and the last killings of all the groups. 
The fixation was completed with fresh fixative, and 
the blecks were embedded in paraffin and sectioned 
at 54. Four serial sections were taken from each 
block. The first section was stained by Gordon and 
Sweet's? silver impregnation; the second was 
stained with hematoxylin and eosin; and the third 
was microincinerated. The fourth section was kept 
as a spare. 


ASSESSMENT OF RESULTS 

The liver appears to store effectively all 
injected silica particles, resulting in the 
formation of silicotic nodules (Gardner ? and 
Harrison and associates *). These nodules re- 
semble histologically the silicotic nodules 
seen in the lungs, and the classification of 
Belt and King® was easily applied in the 
present experiments to assess the pathological 
changes produced in the livers. The maturity 
of fibrosis with the largest number of lesions 
has been graded as follows: Grade 1, loose 
reticulin fibers with no collagen formation; 
Grade 2, compact reticulin fibers, with or 
without some collagen formation; Grade 3, 
mostly collagen and cellular ; Grade 4, accel- 
lular collagen; Grade 5, accellular, collage- 
neus, and confluent. 

Gross Appearance of the Liver and Other 
Organs.—Naked-eye appearance of livers, 
spleens, and kidneys did not vary much. 
There was some enlargement of the livers 
and the spleens up to 90 days. The livers 
were pale and the cut surface showed some 
fine streaks, while the spleens were con- 
gested. Later in the experiment the appear- 
ance of the liver became normal, but enlarge- 
ment of the spleen persisted. It was difficult 
to detect any naked-eye fibrosis in any of the 
tissues examined. 
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Figs. 1-4.—Sections of mouse livers 30 days after intravenous injection of 5 mg. of free silica 
dusts. Fig. 1, fused silica; nodules of very fine and loose reticulin fibers (Grade 1 fibrosis, 
minimal). Fig. 2, quartz; nodules with loose network of reticulin fibers (Grade 1 fibrosis). 
Fig. 3, cristobalite ; nodules composed of compact reticulin fibers (Grade 2). Fig. 4, tridymite ; 
collagenous silicotic nodule; the collagen fibers are mostly cellular (Grade 3). Silver impregna- 
tion; X 200. 
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HISTOLOGICAL FINDINGS 
FusEepD SILICA 

Liver.—Fused silica produced only mod- 
erate fibrosis in the livers. At 30 days some 
of the dust was collected near the centri- 
lobular veins where the particles were held 
together by loose reticulin fibers (Grade 1, 
minimal, Fig. 1); similarly at 60 days. At 
90 days the small circumscribed nodules 
consisted of compact reticulin, but there was 
no evidence of collagen. By 120 days the 
reticulin fibers were thicker, and in some 
nodules collagen fibers were being laid down 
(Grade 2, Fig. 5). From 150 days to 225 
days the lesions were mostly composed of 
collagen and some reticulin; but the nodules 
remained cellular (Figs. 9a and 9b). They 
did not show any tendency to spread and 
were small in size as compared with those 
produced by the other forms of free silica. 

Other Organs.—The spleens, kidneys, and 
lungs did not show any evidence of fibrosis. 


QUARTZ 

Liver.—The earliest change observed was 
an initial concentration of particles in fixed 
macrophages in the liver. The concentrations 
of particles were focal and had a tendency 
to be in the region of the centrilobular 
veins. The livers of the mice killed at 5, 10, 
15, and 60 minutes showed, on the average, 
75 particles per field (X< 6) lying in Kupffer 
cells. There were definite aggregates of 
quartz particles at 60 minutes. At 24 hours 
small aggregates of particles lying in macro- 
phages appeared in the portal tracts. At four 
days more aggregates were found in the 
vicinity of the central vein, and fewer single 
particles were seen in the Kupffer cells. 
The aggregations near the central vein had 
increased in size at 15 days and were em- 
bedded in fine reticulin fibers. Particles were 
seen in the vicinity of the portal vein, but 
they were far fewer than those seen near 
the central vein. 

At 30 days the dust particles had collected 
intu definite nodules in relation to the central 
vein and were held by reticulin fibers (Grade 
1, Fig. 2). A few isolated particles were 
also seen in Kupffer cells. Lesions near the 
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portal tracts were small and very cellular. 
In some areas there was regeneration of 
liver cells as shown by mitoses. Bigger 
lesions composed of compact reticulin fibers 
(Grade 1, maximal) were found at 60 days. 
Lesions associated with the portal tracts 
were more cellular than those near the cen- 
tral vein. More reticulin was laid down, and 
the nodules were denser at 90 days. At 120 
days nodules near the portal tract had in- 
creased in size but were still cellular. Those 
near the central vein were somewhat col- 
lagenous (Grade 2, maximal, Fig. 6). At 
150 days some of the nodules were largely 
collagenous (Grade 3). From 180 days to 
225 days the livers of all the animals had 
nodules composed of cellular collagen fibers, 
but the cellularity was more marked in the 
lesions near the portal tract (Grade 3, 
Fig. 10). 

Spleen—The spleens at 5, 10, 15, and 60 
minutes and at 24 hours contained a high 
concentration of quartz particles. Most of 
them lay freely in sinusoids of the spleen, 
but some had been taken up by macrophages. 
3etween one and four days the activity of 
the macrophages increased, and big aggre- 
gates of particles were seen. At 15 days 
some dust particles were seen in the sinus- 
oids; some were present in macrophages ; 
and a few were also seen adhering to the 
fibrous trebeculae. A similar picture was 
found in the spleens up to 225 days, except 
that the numbers of dust particles and aggre- 
gates were considerably decreased in the 
later animals. There was no evidence of 
fibrosis in the spleen at any period. 


Other Organs.—Up to 24 hours after the 
injection a few particles could be found in 
the lung parenchyma, the kidneys, and the 
bone marrow. But after this time no particles 
could be detected, and there was never any 
evidence of fibrosis. 


CRISTOBALITE 


Liver.— At the 30th day there were 
rounded focal nodules near the central vein 
which were composed of compact reticulin 
fibers (Grade 2, Fig. 3). Lesions near the 
portal tracts were of loose reticulin fibers. 
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Figs. 5-8.—Sections of mouse liver 120 days after intravenous injection of 5 mg. of free 
silica dusts. Fig. 5, fused silica; large nodules composed of compact reticulin and a few collagen 
fibers (Grade 2, maximal). Fig. 6, quartz; nodules composed of compact reticulin and a few 
collagen fibers (Grade 2, maximal). Fig. 7, cristobalite ; nodules with cellular collagen (Grade 3). 
Fig. 8, tridymite ; nodules composed of cellular and acellular collagen fibers (Grade 3, maximal). 
Silver impregnation; 200. 


Figs. 9-12—Sections of mouse livers 225 days after intravenous injection of 5 mg. of free 
silica dusts. Fig. 9a, fused silica; nodules composed of cellular collagen fibers (Grade 3). 
Fig. 9b, fused silica; dense aggregates of dust particles; microincinerated section (not acid 
washed). Fig. 10, quartz; nodules composed of cellular collagen fibers (Grade 3). Fig. 11, 
cristobalite ; large nodule composed of cellular and acellular collagen fibers (Grade 3, maximal). 
Fig. 12, tridymite; fibrosis is fully collagenous and confluent (Grade 4, maximal). Silver 
impregnation; x 200. 
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By the 60th day most of the lesions had 
progressed rapidly, and they were composed 
of densely packed coarse reticulin fibers. 
Cellular collagen was being laid down at the 
90th day, and at 120 days most of the 
nodules were composed of cellular collagen, 
a few being entirely acellular (Fig. 7). 
Maturity of fibrosis progressed from 120 
to 225 days, when the nodules were nearly 
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posed of compact reticulin. The two definite 
types of lesions persisted; at 60 days many 
of the nodules near the central vein were 
completely collagenous and acellular; those 
in the portal tract were only about half 
acellular. Marked degeneration of liver cells 
was seen at 90 days, with many mitotic 
figures in the residual cells. Although some 
of the nodules were still composed of cellular 


Assessment of Fibrosis in the Livers of Mice Produced by Different Modifications of Free Silica 


Fused Silica Quartz 
A. * 


Cristobalite Tridymite 


Grade of Mode of 
Fibrosis Death 
D (4) 
K (1) 
K (1) 
K (1) 
K (1) 
K (1) 
K (1) 
K 
K (1) 


~ 

Mode of 
Death 
D (4) 
K (1) 
K (1) 
K (1) 
K (1) 
K (1) 
K (1) 
D (3) 
K (1) 
K (1) 
D (1) 
K (1) 
K (1) 
K (1) 
K (1) 
K (1) 


Days of 
Survival 
0- 30 - 


1 min. 
1 min. 


K (1) 
K (1) 


K (1) 
K (1) 
K (1) 
K (1) 
K (1) 
K (1) 
K (1) 
K (1) 
K (1) 
K (1) 
K (1) 
K (1) 
K (1) 
K (1) 


K (1) 
K (1) 


K (1) 
kK (1) 


K (1) 
K (1) 
K (1) 
K (1) 


Grade of Mode of 
Fibrosis 


1 
1 


Grade ot 
Fibrosis 


Grade of Mode of 

Fibrosis Death 
D (7) 
K (1) 
K (1) 
D (2) 
K (1) 
K (1) 
K (1) 
K (1) 
D (1) 
K (1) 
K (1) 
K (1) 
K (1) 


Death 
D (7) 
K (1) 
K (1) 
D (4) 
K (1) 
K (1) 
K (1) 
K (1) 
K (1) 
K (1) 


3 
3 


K (1) 
K (1) 
K (1) 
K (1) 
K (1) 
K (1) 
K (1) 
K (1) 


K (1) 
K (1) 
K (1) 


K (1) 


K (1) 
K (1) 


K (1) 
K (1) 


K (1) 
K (1) 
K (1) 
K (1) 


K = killed; D= died; max. = maximal; min. = minimal, and — = no histology done. 


Figures in parentheses indicate number of mice. 


all acellular collagen, with only a few show- 
ing cellularity (Grade 3, maximal, Fig. 11). 

Other Organs.—The lungs, kidneys, and 
spleens did not show any evidence of fibrosis. 


TRIDYMITE 
Livers ——Two mice dead at 10 days showed 
central necrosis in which silica particles 
were seen. After as little as 30 days nodules 
of cellular collagen were found near the 
central vein (Grade 3, Fig. 4). Lesions in 
the portal tract were very cellular and com- 
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collagen, more were acellular collagenous 
(Grade 3, maximal) ; similarly at 120 days, 
although there was now some coalescence 
(Fig. 8). Lesions in the portal tract were 
also becoming less cellular. Between 180 
and 250 days there was progressive irregu- 
larity in size and shape of the nodules which 
now had a spreading character. By the end 
of the experiment the lesions were almost all 
acellular collagenous (Grade 4, maximal, 
Fig. 12). 


| 
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| 
31- 60 1 on 
z= 1 max. 3 max. 
1 max. 3 max. 
61- 90 2 min, 3 max. 
2 min. 3 max. 
91-120 2 
2 max. 3 max. 
A 2 3 max. 
121-150 - 3 max. 3 max. 
3 8 3 max, 
3 4 
3 3 3 4 
: 151-180 3 3 3 a 3 max. 
181-195 3 8 3 3 max. 
3 3 
; 196-210 3 3 3 max. || 3 max. 
a 3 3 3 max, 
3 
211-225 3 3 min. 3 max. 4 
3 3 3 max. 4 max. 
3 
226-273 3 3 min. 3 max. 
3 min. 3 min. 3 max. 
3 3 3 max. 
3 3 3 max. 
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Other Organs.—No fibrosis was seen in 
lungs or kidneys. A few areas of thickened 
reticulin fibers were the only incidental find- 
ings in some of the spleens in later stages 
of the experiment. 


ASSESSMENT OF RESULTS 

A summary of the pathological changes 
in the livers of mice injected with the 
various forms of free silica is given in the 
Table and in Figure 13. These findings con- 
firm the results on rats’ lungs reported in 
our previous paper: Fused silica produces 
the least rapidly developing fibrosis; quartz, 
the second ; cristobalite, the third, and tridy- 
mite, the fastest developing and severest 
fibrosis. Silverman and Moritz ® studied the 
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Fig. 13.—Grades of fibrosis of livers of mice after intravenous injection of free silica dusts. 


tissue reaction of quartz and fused silica by 
injecting them intraperitoneally into rats 
and found that quartz was more pathogenic 
than fused silica. Gardner? also found dif- 
ferences in the pathogenicity of the various 
modifications of silica in both rabbits and 
guinea pigs, which were similar to those 
reported by ourselves. 

The spleen reaction to the various dusts 
was very slight. Particularly in the tridymite 
group the only evidence of any tissue re- 
action was the laying down of a few compact 
reticulin fibers. No definite silicotic nodules 
could be discerned in any of the spleens 
in any group. This is in contrast to the find- 
ings of Gardner with the spleens of guinea 
pigs and rabbits and of those of Tebbens, 
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Schulz, and Drinker * and may be due to a 
species difference or to differences in particle 
size, though it is possible that repeated injec- 
tions might have produced more fibrosis of 
the spleen. 


Aschoff * suggested that the cells of the 
reticuloendothelial system quickly phagocy- 
tose particulate material present in the blood 
stream. Cappell® showed that the carbon 
particles of India ink are removed from the 
circulating blood and are stored within the 
reticuloendothelial cells which line the blood 
channels of the liver, spleen, and bone mar- 
row and to a slighter extent in the supra- 
renal and pituitary glands. We looked for 
silica particles in the various organs by 
means of polarized light and found a con- 
centration of particles in the Kupffer cells 
and the sinusoids of the spleen. Apart from 
finding a few particles in the bone marrow, 
kidneys, and lungs in the initial stages, we 
were not able to find particles in any other 
tissues, and it is possible that we could not 
find them in these organs at a later stage 
because of their being thrown hack into the 
blood circulation. Cappell * showed that car- 
bon particles initially deposited on the capil- 
lary walls of the lungs appeared later to be 
washed away and passed on to the spleen. 


The spleen in the present experiment 
initially picked up a high concentration of 
quartz particles which were seen in the 
macrophages and the sinusoids, but the 
quartz particles appeared later largely to 
disappear from the spleen. It may be sug- 
gested that the active phagocytes from the 
pulp of the spleen possibly took up these 
particles and were later destroyed, the parti- 
cles being thrown back again into the sinus- 
oids and from there via the splenic vein 
into the portal vein. This may explain why 
a high concentration of silica particles was 
found only in the liver in the later stages 
of the experiment, resulting in the limitation 
of fibrosis to this organ. And it may be the 
reason for the presence of lesions of two 
stages of maturity, the cellu'ar nodules 
usually in the vicinity of the portal tract and 
the acellular collagen nodules near the 
centrilobular veins. The liver ultimately got 
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nearly all the injected silica, both directly 
from the hepatic artery and from the spleen 
via the splenic vein. 

The rate of production of fibrosis in the 
livers of these mice was no faster and did 
not progress to as completely collagenous 
and confluent a state as in the rat lungs of 
the previous experiment. 

It is not possible to offer a satisfactory 
explanation of the differences of pathogenic- 
ity of the various forms of crystalline and 
fused silica. All that can be said is that 
there must be some factors additional to 
silica solubility. If test-tube experiments on 
the dissolution of silica particles mean any- 
thing, they will indicate that these several 
free silica dusts should have the same patho- 
genicity, since they have the same solubility. 
Since they have markedly different patho- 
genicities, there must be some other ex- 
planation, possibly related to the character 
of the surface of the particles, which in its 
turn should be related to the crystal struc- 
ture or the lack of crystal structure. 


SUMMARY 


Different forms of free silica, 1.¢., fused 
silica, quartz, cristobalite, and tridymite, of 
high purity and almost identical silica con- 
tent, size distribution, and silica solubility, 
were injected intravenously into the tail 
vein of mice to study the pathology produced 
in the livers. Tridymite was the most rapid 
in producing acellular collagenous silicotic 
nodules ; cristobalite was next ; quartz, third ; 
and fused silica, the least fibrogenic. Silica 
particles were found only initially in the 
spleen, and there was very little fibrosis 
produced there. No fibrosis was observed 
in any other tissue. These observations are 
difficult to reconcile with the silica solubility 
theory of silicosis. Since these free silica 
dusts have the same solubilities, then either 
our test-tube measurements of solubility do 
not reflect adequately the dissolution of silica 
particles in the tissues, or there must be 
some other explanation, possibly concerned 
with crystal structure and surface activity. 


Grants to defray the expenses of this investigation 
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Tissue Reactions in Lungs of Rats and Livers of Mice to Different Doses of Ground 


Flint of Constant Surface Area 


S. H. ZAIDI, M.B. 

E. J. KING, D.Sc. 

C. V. HARRISON, M.D., London 

and 

G. NAGELSCHMIDT, D.Phil., Sheffield, England 


An important problem in the study of sili- 
cosis is the investigation of the most patho- 
genic size of silica particles. Gardner and 
Cummings * injected intravenously into rab- 
bits suspensions of quartz and found that 
fine quartz fractions produced hyaline fibro- 
sis, mainly in the liver, while coarse quartz 
particles gave only a foreign-body type of 
reaction. Tebbens, Schulz, and Drinker ? 
showed that particles of 1» and less were 
more active in producing silicosis than larger 
particles. Hatch and Kindsvatter* dusted 
guinea pigs with quartz of particle size less 
than 0.54 and obtained a rapidly developing 
fibrosis, i. e., in 20 weeks. King, Mohanty, 
Harrison, and Nagelschmidt* injected rats 
intratracheally with accurately sized flint 
fractions, covering the range less than 0.5u 
to &u diameter, in different amounts having 
the same total area of particle surface, i.e., 
700 cm.? They found that the finest particles 
of flint dust were less pathogenic than those 
of the same surface area in the lp to 2y 
range and that these were much more patho- 
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genic than the largest size used, of 4p to Su. 
The results supported the view that the 
pathogenic properties of a silica dust were 
related to the size of the particles and ap- 
peared to indicate a range of maximum 
fibrogenic size. 

In the present study the experiments on 
the lungs of rats have been repeated at a 
higher dosage (3X) and constant surface 
area (0.21 m.*) and intravenous injections 
made in mice to determine the extent of 
fibrosis produced in the livers by several size 
fractions of similar flint dust of constant sur- 
face area. 

If the amount of the affected lung tissue is 
a function of the surface area of the particles 
to which the lung parenchyma and lymph 
tissue are exposed, then an increase in the 
dosage of the varying sizes should increase 
the extent of reaction in the lung. It was also 
of interest to see whether the increase in dose 
would alter the intensity of fibrosis and 
whether it would confirm the apparent peak 
of fibrosis found at a lower dosage. 

With mice the method was based on the 
technique and observations of Gardner * and 
Harrison, Wright, and King,® who found 
that quartz injected intravenously into rab- 
bits produced fibrosis in the liver and spleen. 
Single intravenous injections of several forms 
of silica produced silicotic nodules in the 
livers of mice, as has been described in the 
accompanying paper (Zaidi and associates *). 
Flint fractions of constant surface area and 
of a wider range of particle size than those 
used in the intratracheal injection of rats 
have been administered intravenously to 
study their effects in mice livers. 
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DESCRIPTION OF SAMPLES 


The dusts were prepared from a sample of calcined 
ground flint which contained 99% SiOs. The size 
separations were made without a dispersing agent 
by settling and centrifuging. Particles less than 
(<) 0.24 (Stokes’s diameter) were first removed by 
many repeated centrifugations, and the residue was 
used to isolate the larger fractions. The details of 
size distribution, analysis, estimated surface areas, 
silica solubilities, etc., for the flint dusts used in 
intratracheal injections with rats are fully set out 
in the previous paper (King and associates *). 
Those for the flint fractions injected into mice are 
given in Table 1. 


TasLe 1.—Sise Distribution 


0.2, er Cent 024 —O05u,perCent 


SILICA 


and Analysis 


Du lu, per Cent lu 


Mice—For the liver experiments, an 
equivalent surface area of 75 cm.2 was used. The 
amounts of the different fractions required to give 
this constant surface area were 0.6 mg. of <0.2u, 
1.2 mg. of 0.24 to 0.54, 3.25 mg. of 0.54 to le, 7.5 
mg. of l# to 2u, and 15 mg. of 24 to 4u. These doses 
were given per mouse. Sufficient of the dust was 


mouse 


weighed to inject 35 mice in each group, except the 
2u to 4“ group in which 50 mice were injected. The 
size and amount of dust in this last group were 
too large to be given in a single intravenous injec- 
tion; so it was administered in three lots at weekly 
intervals. Since it was desired to inject 0.5 ml. per 
mouse, the following amounts of dust in suspension 


of Flint Dusts 


per Cent 


2u — 4u, per Cent 


Size, uw By No. By Mass By No. By Mass By No. By Mass By No. By Mass By No. By Mass 
<0.06 25.9 0.8 
0.06 — 0.08 21.4 3.2 me oe 
0.08 — 0.11 23.0 8.4 1.4 
0.11 0.16 17.9 18.9 2.9 5.3 
0.16 0.23 8.9 29.7 18.3 2.0 7.1 
0.28 — 0.32 2.3 19.3 26.3 7.1 5 01 
0.32— 0.45 6.6 13.3 23.3 17.3 1.6 0.2 


01 


Particles counted 
Estimated surface 


area, m?/gm. 15.8 6.0 
per cent 96.9 97.5 
Ignition loss, 


per cent 2.5 5 


PREPARATION OF DUST SUSPENSIONS 

Rats.—It was calculated that 33 mg. of <0.5x, 
54 mg. of 0.54 to 1.64, 126 mg. of 14 to 24, and 300 
mg. of 2u to 4u flint dust had an equivalent surface 
area of 2100 cm.?, i. e., 0.21 m.2 These amounts were 
too large for a single intratracheal injection in rats, 
and divided doses were therefore given to all ani- 
mals. The first three groups (receiving <0.5u, 0.5u 
to 14, and 1# to 2u flint) were given the dust in two 
doses, and the 2u to 4u size was given in three doses, 
all at weekly intervals. The largest size (44 to 8) 
was omitted from the experiment because it was 
found impossible to administer such a large dose 
(600 mg.) as would be necessary to give the same 
surface area. Appropriate amounts of the different 
fractions were weighed into screw-cap bottles, the 
requisite amount of saline added to give the re- 
quired dose in 1 ml., and the mixture sterilized by 
autoclaving. These doses correspond to 0.165 to 
1.5 mg. of dust per gram of body weight. 


2.3 1.0 0.5 


were prepared: 21 mg. of the <0.2u flint in 17.5 ml. 
saline, 42 mg. of 0.2 to 0.54 in 17.5 ml., 113.75 mg. 
of 0.54 to 1.04 and 262.5 mg. of 1# to 2m, each in 
17.5 ml., and three lots of 250 mg. of the 4 flint in 
25 ml. Small quantities of saline were added to the 
samples in the glass emulsifiers, and the dusts 
ground in the saline until uniform suspensions were 
obtained. These were transferred to screw-cap 
bottles, and the volumes made up to 17.5 ml. with 
additional saline (with the 2u to 4u in 25 m!.). The 
mixtures were sterilized by autoclaving. These doses 
correspond to 0.03 to 0.75 mg. of dust per gram of 
body weight. 
ANIMALS 

Rats——Twelve rats were injected intratracheally 
with each of the flint fractions. They were from 
the Medical Research Council black and white 
strain, and their average weight was 250 gm. 

Mice.—Twenty-eight male mice were successfully 
injected intravenously for each of the fractions, 
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0.45— 0.64 = 6.4 6.3 56.5 59 0.8 4.6 

0.64— 0.9 2.9 17.1 21,1 7.8 3.7 01 

0.9 — 13 31.2 31.6 6.4 0.5 1.2 

1s — 18 16.4 47.8 20.7 4.8 2.8 

18 — 26 wees 14 11.7 35.0 22.6 10.0 0.7 

26 — 3.6 25.2 46.4 20.0 4.3 

5.1 — 7.2 04 5.6 25.0 38.0 

0.5 0.3 0.3 

|_| 


except for the 2« to 4u, for which fifty mice were 
used (because of greater mortality). The mice were 
Swiss strain, and their average weight was 20 gm. 


EXPERIMENTAL PROCEDURE 

Rats—The suspensions of dust (1.0 ml.) were 
injected into the lungs of the animals each week 
until they had received the full dose. The rats were 
lightly anesthetized with ether; the tongue was re- 
tracted forward with a small clip, and an auroscope 
fitted with a medium-sized speculum was inserted 
into the mouth as far as the oropharynx. The throat 
was cleaned with a swab, and a long blunt needle 
(10 cm. by 14 gauge) was passed between the vocal 
cords into the trachea until it struck the carina, and 
then it was slightly withdrawn about 2 mm. One and 
one-tenth milliliter of dust suspension (about 0.1 
ml. usually remains in the long needle and syringe 
after the injection) was drawn into a 2 ml. syringe 
from the screw-cap bottles, which were kept agi- 
tated in a mechanical shaker. The syringe was at- 
tached to the long needle, and the suspension with 
1 ml. of air was quickly and forcibly injected. The 
needle was withdrawn from the trachea. The ani- 
mals suffered a short period of apnea, but they soon 
regained their normal breathing. There was no 
regurgitation of the suspension. 

Mice—The bottle containing the dust suspension 
was well shaken, and 0.5 ml. of the suspension was 
drawn into a 1 ml. record syringe, to which a short 
No. 17 needle was fitted. The mouse was held in a 
short, wide glass tube, with its nose against a wire 
mesh and its tail protruding through a notch cut in a 
thin cork stopper which was inserted into the end 
of the tube following the mouse. The syringe was 
kept well agitated until the moment of injection, 
when the needle was introduced into the tail vein 
and the suspension injected. 


DwuRATION OF EXPERIMENTS 


Rats.—There was a high mortality among 
all four groups, the highest being in that 
where the animals received 126 mg. of ly to 
2 and where all died within 90 days. The 
surviving animals in the other groups were 
killed at 90 days, 120 days, and 150 days, 
when the experiment was terminated. 

Mice.—The initial mortality of mice was 
high, particularly in the group receiving the 
largest (2u to 4) particles. There were 
11 deaths with the <0.2» flint, 9 with the 
0.24 to 0.54, 10 with the 0.54 to 1.0y, and 
12 with the lp to 24; 26 mice died or were 
discarded in the group which received the 
three lots of injections which made up 
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the 15 mg. dose of 2 to 4m flint. These 26 
included those which died on the second or 
third injection and those to which the third 
injection could not be given, due to collapse 
of the tail vein. 


Two mice from each group were killed at 
monthly intervals up to 180 days and then 


at fortnightly intervals up to a period of 
273 days. 


PATHOLOGICAL TECHNIQUE 

Rats.—Routine postmortem examinations were 
carried out on all animals. The lungs of the killed 
animals were gently distended by injecting about 
10 ml. of 10% formol saline through the trachea, 
which was exposed at the neck, after expressing the 
air out of the lungs by gentle pressure on the sides 
of the thorax without opening the thoracic cavity. 
The trachea was tied off; the thoracic cavity was 
opened; and the lungs with the tied-off portion of 
trachea were removed and put in 10% formol saline. 
The lungs of rats which died were first removed 
from the thoracic cavity, examined, and distended 
gently to the normal size. After preliminary fixa- 
tion, blocks were selected along the long axis of 
both the lungs at the level of the hilum and to 
include the maximum representative areas from 
each lung. The tracheobronchial glands were also 
fixed in 10% formol saline. Fixation was completed 
in fresh fixative. Blocks of lungs and tracheobron- 
chial glands were embedded in paraffin separately 
and cut at 5#. Five serial sections were cut from 
each block. The first section was stained by Gordon 
and Sweets’s § silver impregnation for reticulin; the 
second was stained with hematoxylin and eosin; the 
third and fourth were microincinerated, and one of 
these was treated with hydrochloric acid solution 
to remove soluble salts and leave the mineral dust 
pattern of deposition in the lungs and lymph nodes. 
The fifth slide was kept as a spare. 

Mice.—Routine autopsies were carried out on 
both the animals which died and those which were 
killed. After preliminary fixation, blocks were taken 
of the liver and spleen, fixed, and embedded in 
paraffin. Sections were cut and stained as above. 

ASSESSMENT OF RESULTS 

The fibrosis seen in the rats’ lungs has 
been assessed according to the classification 
of Belt and King °; this classification has also 
been found suitable for the grading of fibrosis 
produced in the livers of mice (Zaidi and 
associates *). 
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PATHOLOGICAL FINDINGS 
Rats: Gross APPEARANCE OF LUNGS 
<O.5p Flint (33 mg.)—The naked-eye 
appearance of the lungs at 90 days (from the 
first injection) showed small, whitish, irregu- 
lar areas of fibrosis which were about 2 to 
4 mm. and were scattered all over the lung. 
One rat which died at 55 days also showed 
the same lung picture. At 120 days the 
naked-eye picture of the lung had not 
changed, but at 150 days there were large 
areas of fibrosis. 

0.54—1p Flint (54 mg.).—The lungs at 
90 days showed grayish white areas of fibro- 
sis, and in some mediastinal abscesses were 
seen. There was an increase in the size of 
the lesions at 120 days. The last rat which 
died at 140 days showed confluent fibrosis 
and a large mediastinal abscess. 

Flint (126 mg.).—Scattered areas 
of fibrosis were seen in the lungs at 55 days. 
From 75 days onward both the lungs were 
heavily fibrosed, and no normal lung tissue 
could be seen by naked-eye examination. 

2u—4p Flint (300 mg.)—Large, irregu- 
lar, grayish white areas of fibrosis were seen 
at 43 days, and extensive areas of fibrosis 
in the rats killed at 90 days and those which 
died at 110 and 114 days. 


In all the four groups the posterior aspects 
of the lung were more frequently involved 
than the anterior aspects. The tracheo- 
bronchial lymph nodes were several times 
larger than the normal nodes. In the earlier 
part of the experiments the animals which 
died within a month showed consolidation. 
In the later stages the lesions were uniformly 
gray-white, fibrous, and hard on palpation. 


HIstToLoGicAL FINDINGS IN LUNGs oF RATS 


<0O.5 Flint (33 mg.)—The lungs of the 
rats injected with this dust showed small 
nodules which were composed of loose retic- 
ulin fibers at 16 days (Grade 1). At 55 days 
the nodules were composed of thick reticulin 
and a few collagen fibers. From 90 days 
onward all the rats showed well-defined 
silicotic nodules which were mostly composed 
of cellular collagen. There was no tendency 


SILICA 


toward confluence of nodules or hyaliniza- 
tion of the collagen fibers (Fig. 1). 

Flint (54 mg.).—In the lungs 
of two rats which died at four and five days 
after the injection, there was marked con- 
gestion in the lungs, and the alveoli were 
filled with inflammatory cells. A few areas 
of necrosis were seen, and there was no 
fibrosis. The lung of the rat which died at 
14 days showed areas of fibrosis. These 
were composed of cellular collagen fibers 
(Grade 3). The progression of fibrosis was 
not very rapid, and cellularity of the nodules 
persisted till 90 days (Grade 3, Fig. 2). 
Most of the nodules at 120 days and at 
140 days were composed of mixed cellular 
and acellular collagen (Grade 3, maximal). 
At 120 days a large abscess had destroyed a 
large part of the lung tissue in one rat. Some 
of the nodules had coalesced, but cellularity 
of the nodules had persisted. 

1p—2yu Flint (126 mg.).—One rat died 
of bronchopneumonia four days after the 
injection, and the lung showed large aggre- 
gates of dust in the alveoli, some lying freely 
and some in macrophages. Inflammatory 
cells in the form of polymorphonuclear cells 
and marked congestion were present. At 
11 days the rat which died showed silicotic 
nodules which were composed of cellular 
collagen. Another rat at 15 days had a similar 
picture (Grade 2, maximal). At 55 days the 
nodules were becoming acellular, and at 
77 days they were composed entirely of acel- 
lular collagen and were becoming confluent. 
The confluence of the nodules was a promi- 
nent feature in all animals up to 90 days 
(Grade 5, Fig. 3). 

2u—4p Flint (300 mg.).—This very big 
dose of the largest size flint dust gave rise to 
the formation of silicotic nodules at 43 days 
after the injection. The nodules were com- 
posed of cellular collagen fibers. At 88 and 
90 days the cellular collagen fibers were 
replaced by acellular collagen (Grade 4, 
Fig. 4). defined and 
showed no tendency toward confluence, even 
up to 140 days after injection of the dust 
when the last animal died. 


The nodules were 
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Figs. 1-4.—Sections of rat lungs 90 days after intratracheal injection of flint dusts of different 
sizes in different amounts representing equal surfaces (0.21 m.?). Fig. 1, 33 mg. of <0.5«; nodules 
composed of cellular collagen (Grade 3). Fig. 2, 54 mg. of 0.54 to 1.04; nodules composed of 
cellular and acellular collagen (Grade 3, maximal). Fig. 3, 126 mg. of lu to 24; nodules are 
acellular and confluent (Grade 5). Fig. 4, 300 mg. of 2u to 44; nodules composed of acellular 
collagen (Grade 4). Silver impregnation; x 60. 
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A summary of the pathological findings 
and the grading of the lesions are given in 
Table 2 and Figure 5. 


Mice: Gross APPEARANCE OF LIVER AND SPLEEN 


The livers and spleens showed some en- 
largement up to a period of 90 days. At this 
stage the cut surface of the liver was pale in 
appearance, and the spleen showed conges- 
tion. Later in the experiment no naked-eye 
lesions could be detected in either the liver or 
spleen. 


HistoLocicAL FINDINGS IN LiIvERS AND SPLEENS 
or MICE 

<0.2p Flint (0.6 mg.).—Very small le- 
sions in the form of fine, loose reticulin fibers 
were seen in relation to the central vein and 
portal tract in the livers of mice killed 
30 days after the injection with this dust 
(Grade 1, maximal). The livers of mice 
which were killed at 60, 90, 120, and 150 
days showed that the silicotic nodules in the 
liver were composed only of compact reticu- 
lin without any evidence of collagenous fibro- 
sis (Grade 2, Fig. 6), but at 180 days some 
collagen fibers were seen in the lesions. This 
picture persisted to 273 days (Grade 2, 
maximal). 


In the spleen, small areas of reticulinosis 
were the only incidental findings in this group 
of animals. 


SILICA 


TaBLe 2.—Assessment of Fibrosis in the Lungs of Rats Produced by Constant Surface Areas 
(0.21 M.2) from Different Amounts of Different Particle Sizes of Flint Dusts 


0.24 Flint (1.2 mg.).—The livers of 
two mice killed at 30 days had silicotic 
nodules near the central vein which were 
composed mostly of loosely woven reticulin 
fibers (Grade 1). At 60 days the lesions 
showed compactness of the reticulin fibers 
and a few collagen fibers. Livers examined 
on the 90th day showed large cellular nodules 
composed chiefly of compact reticulin fibers 
and some cellular collagen fibers (Grade 2, 
Fig. 7). By 120 days the nodules were of 
cellular collagen, but from this time on more 
acellular collagen fibers were seen, e. g., at 
195 and 210 days (Grade 3, maximal), but 
some cellularity persisted, and this appear- 
ance was not altered until the end of the 
experiment. 

In the spleen, reaction to this size of flint 
was irregular. Most of the spleens were 
normal, but a few had some leosely woven 
reticulin fibers, mostly in Malpighian cor- 
puscles, after 90 days. 

O.5p—1p Flint (3.25 mg.)—The earliest 
reaction seen in the livers (after 30 days) 
was the production of small silicotic nodules 
in the vicinity of the central vein. These 
were composed mainly of loose reticulin 
without any collagen (Grade 1). There was 
also a little reaction in the portal tracts. The 
nodules had become more mature at 60 days 


<0.5m, 33 Mg. 0.54 — 1.04, 54 Me. lu — 2u, 126 Me. 2u — 4u, 300 Me. 
Grade of Grade of Grade of Grade of 
Mode Fibrosis Node Mode Fibrosis Node Mode Fibrosis Node Mode Fibrosis Node 
Days of of inthe Weight, of inthe Weight, of inthe Weight, of inthe Weight, 
Survival Death Lung Mg. Death Lung Meg. Death Lung ig. Death Lung Mg. 
15 D (2) D (5) D (1) 0 93.7 D (5) 
ee DQ) 0 18.0 D (1) 3 123.7 
D (1) 22.9 D (1) 2 max. -- ‘ 
31-- 60 DQ) 2 max D (1) 3max. 163.7 D 3 139.7 
61— 90 K (1) 3 263.8 K (1) 3 444.9 D (3) — -- D (1) —_ = 
K 3 223.4 4max. 3274 D (1) 4 227.4 
ve ae D (1) 5 190.5 K (1) 4 316.8 
- te ee 5 490.0 < 
ee D (1) 5 227.8 
es uses ee oe DQ) 5 4190.4 oe 
91 — 120 K (1) 3 430.5 K (1) 3max. 105.0 rere sedan D (1) 4 267.8 
K (1) 3 D (1) 4 330. 
121 — 150 K (1) 3 | 
3 


D=Died; K=Killed; — =no histology; max.—maximal. 
Figures in parentheses indicate number of rats. 
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Fig. 5.—Grade of fibrosis of rats’ lungs up to 90 days after injection of different sizes of flint 


representing equal surfaces. 


by the laying down of compact reticulin and 
a few collagen fibers. They were composed 
of a mixture of compact reticulin and col- 
lagen at 90 days (Grade 2, maximal, Fig. 8). 
The same histological picture persisted to 
150 days. From 150 to 180 days collagen 
was being laid down, and the nodules were 
now mostly composed of collagen fibers. This 
degree of fibrosis persisted up to 210 days, 
with a gradual maturity of collagen fibers 
(Grade 3, maximal). At 225 days and 
273 days the livers contained silicotic nodules 
which were composed of cellular collagen in 
the centers surrounded by acellular fibers and 
were thus still of Grade 3, maximal. 
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In the spleen, the reactions were again 
irregular. Most showed no evidence of fibro- 
sis, but in a few the reticulin pattern of the 
Malpighian corpuscles was altered in some 
places by the laying down of extra reticulin 
fibers. 

Ip —2y Flint (7.5 mg.).—Silicotic nodules 
were found in the livers of mice injected with 
this size of flint after 30 days. Most were 
composed of compact reticulin, but no evi- 
dence of collagen was seen at this stage 
(Grade 1). By the 60th day some collagen 
fibers were found in nodules, but after 90 
days they were mostly of cellular collagen 
(Grade 3, Fig. 9). By 150 days acellularity 
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Figs. 6-10.—Sections of mouse livers 90 days after intravenous injection of flint dusts of 
different sizes in different amounts representing equal surfaces (75 cm.?). Fig. 6, 0.6 mg. of 
<0.2«; nodules show compact reticulin (Grade 2). Fig. 7, 1.2 mg. of 0.24 to 0.54; nodules show 
compact reticulin and few collagen fibers (Grade 2). Fig. 8, 3.25 mg. of 0.5 to 14; nodules show 
compact reticulin and collagen fibers (Grade 2, maximal). Fig. 9, 7.5 mg. of 1u to 2«; nodules 
composed of cellular collagen (Grade 3). Fig. 10, 15 mg. of 2« to 4"; nodules show coarse and 
compact reticulin (Grade 2). Silver impregnation; x 200. 
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of the collagen was prominent, but some 
cellularity persisted even to the end of the 
experiment, although there was much less at 
195 days. At 210 and 225 days the nodules 
were composed of acellular and hyalinized 
collagen, with a small central core of cellular 
collagen. 


In the spleen of one mouse at 90 days there 
was a small area which was composed of a 
few fine reticulin fibers. There was no evi- 
dence of fibrosis in the spleens of any of the 
other animals at any period. 

2u—4p Flint (15 mg.).—Small lesions of 
loose reticulin were found at 30 days, most 
of them near the central vein (Grade 1, 
maximal). By 60 days the reticulin was be- 
coming coarser and more compact (Grade 2). 
There was no change in the quality of fibro- 
sis at 90 days (Fig. 10) and at 120 days. 
From 150 days some collagen fibers were 
observed in the network of reticulin fibers. 
From 180 days to 273 days the nodules were 
composed mostly of cellular collagen fibers 
(Grade 3). 

In the spleens of some of the animals 
killed after 90 days, small areas in Mal- 
pighian corpuscles with thickened reticu- 
lin were seen, but this was not a consistent 
finding. 


TABLE 3.—Assessment of Fibrosis in the Livers of Mice Produced by Constant Surface Areas 
(75 Cm.2) from Different Amounts of Different Particle Sizes of Flint Dusts 


A. ARCHIVES OF INDUSTRIAL HEALTH 


A summary of the results for the livers of 
the mice injected with the different sizes of 
flint particles is given in Table 3 and in 
Figure 11. 

COMMENT 


The results on rats demonstrate that pul- 
monary silicotic fibrosis can be produced by 
flint particles of considerable range of size 
but that there seems to be a size range which 
most favors fibrosis, i. e., of about lu to 2p. 
That the maturity of the lesions depends both 
on the dose or surface area and on the par- 
ticle size is indicated by the findings in our 
former experiment (King and associates‘), 
taken in conjunction with those of the pres- 
ent experiment where three times the dose of 
the different sized fractions was adminis- 
tered. In both, the most pathogenic of the 
flint particles were between lp and 2, in size 
when injected intratracheally. All the sizes 
of flint used produced silicotic nodules, but 
the lp to 2, flint produced them most 
quickly, and as early as 77 days in this 
experiment they were composed mostly of 
collagen which was acellular and later coa- 
lesced until at 90 days practically the whole 
lung was fibrosed. This stage of maturity 
of fibrosis was not seen in any of the other 
fractions at this stage. 


<0.2u, 0.6 Mg. 0.24 — 0.54, 1.2 Mg. 


Daysof Modeof Grade of 


Survival Death Fibrosis Death Fibrosis 
0— 30 D (4) D (4) 
K (1) 1 min. K (1) 1 
K (1) 1 min. K (1) 1 
31— 60 D (6) _ D (4) _ 
K (1) 1 max. K (1) 1 max. 
K (1) 1 max. K (1) 1 max. 
K (1) 1 max. K (1) 2 
61— 90 K (1) 1 max. K (1) 2 
91 — 120 D (1) — K (1) 3 
K (1) | K (1) 3 
121 — 150 K (1) 2 K (1) 3 
K (1) 2 K (1) 3 
151 — 180 K (1) 2 max. DQ) - 
K (1) 2 max K (1) 3 max 
K (1) 3 max 
181 — 195 K (1) 2 max. K (1) 3 max 
K (1) 3 max 
196 — 210 K (1) 2 max. K (1) 3 max 
K (1) 3 max 
211 — 225 K (1) 2 max. K (1) 3 max 
K (1) 3 max 
225 — 273 K (1) 2 max. K (1) 3 
K (1) 


0.54 — 1.04, 3.2 Mg. 


Mode of Gradeof Mode of 


2u — 4u, 15 Mg. 


Mode of Grade of 


lu — 2u, 7.5 Mg. 


Grade of Mode of Grade of 


Death Fibrosis Death Fibrosis Death Fibrosis 
D (5) _ D (4) -— D (22) - 
K (1) 1 K (1) 1 K (3) - 
K (1) 1 K (1) 1 K (2) 1 max. 
D (5) D (8) D (2) 
K (1) 2 max. K (1) 2 max K (1) 2 
K (1) 2 max. K (1) 2 max K (1) 2 
K (1) 2 max K (1) 3 D (2) _ 
K (1) 2 max K (1) 3 K (1) 2 
K (1) 2 max K (1) 3 K (1) 2 
K (1) 2 max. K (1) 3 max K (1) 2 
K (1) 2 max K (1) 3 K (1) 2 max 
K (1) 3 K (1) 2 max K (1) 2 max 
K (1) 3 K (1) 3 K (1) 3 
K (1) 2 max K (1) 3 K (1) 3 
K (1) 3 K (1) 3 max K (1) 3 max 
K (1) K (1) 8 
K (1) 4 K (1) 3 max K (1) 3 
K (1) K (1) 3 
K (1) 3 max K (1) 3 max K (1) 8 

K ( 

K( 


Figures in parentheses indicate number of mice. 
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Max.—maximal; min.—minimal; K—Killed; D=Died; — =no histology done. 
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Fig. 11—Grade of fibrosis in livers of mice 


different sizes of flint representing equal surfaces. 


A comparison of the grades of fibrosis pro- 
duced after 90 days by the four size fractions 
at the two levels of dosage is shown in the 
following figures : 


Grades of Fibrosis at Ninety Days 
Flint ...<0.5@ 
Ist expt. 
(700 cm.2 
of flint) 


2u-4u 4u- 


2d expt. 
(2100 cm.2 
of flint) ....3 


The fibrous reaction of mouse livers fol- 
lowing the intravenous injection of flint of 
various sizes, given in doses of different 
amount to yield the same surface area cf the 
particles, was the same in all the groups. 


OF FREE SILICA 


grosis 


up to nine months after intravenous injection of 


Sut the maturity of the nodules was seen to 
differ with the different size fractions. The 
smallest size (<0.2”) was the least patho- 
genic, and next to it was the fraction of 
largest particle size (2» to 44). The range 
of maximum pathogenicity appeared to lie 
between the sizes 0.24 and 2. Within this 
range the differences in fibrosis produced 
were not as clear-cut as they were in the case 
of the rats’ lungs. The 0.2 to 0.5p flint pro- 
duced nodules at 90 days which were com- 
posed of compact reticulin fibers and a few 
collagen. The 0.54 to lp flint produced a 
few collagen fibers in addition to the reticulin, 
and the lp to 2u gave nodules which were 
mostly composed of cellular collagen. Up to. 
225 days the maturity of the lesions increased’ 
with time, and there was no clear-cut distinc- 
tion between the various size fractions. This 
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experiment, therefore, lends some support to 
the conception of an optimum range of par- 
ticle size of silica dust to produce maximum 
fibrosis, but the size range is much bigger 
in the mouse livers than in the rat lungs. 
Nevertheless, the findings do seem to indi- 
cate that very small dust (i. e., of <O.2y 
particle size) and larger dust in the upper 
range of particle size likely to gain access 
to the alveoli during inhalation (2p to 4» and 
up to about 8) are less likely to be the princi- 
pal factor in producing pulmonary fibrosis 
than is dust of intermediate size. It is per- 
haps worth emphasizing that in both rat and 
mouse experiments the doses of the smallest 
size fractions contained enormously more 
particles than those of the intermediate and 
larger sizes. 

The results support the conception that 
fibrogenesis is closely related to the silica 
surface, but they also point to there being a 
range of maximally fibrogenic sizes. These 
experiments have confirmed that the decrease 
in pathogenesis of the smallest size classes 
is also found when the same flint fractions 
are given at higher surface levels and when 
finer fractions than those in the previous 
experiment are used. 


SUMMARY 


Flint dusts of several sizes ranging from 
<O.5 to 4» were given to rats by intra- 
tracheal injection. The amounts of the dif- 
ferent size fractions were chosen to yield 
equal surface areas of the particles contained. 
The optimum size of flint particles to yield 
maximum fibrosis in the lungs of rats was 
found to be between ly and 2» diameter. 

Samples of flint dust of different sizes in 
fractions of <0.2p to were administered 
to mice by intravenous injection. The 
amounts of the different size fractions used 
had equal areas of particle surface. The 
optimum fibrogenic size of flint particles in 
the livers of mice lay between 0.2» and 2p 
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diameter, a wider range than that found in 
the lungs of rats. Particles of flint smaller 
than this, and larger, were less fibrogenic. 


Grants to defray the expenses of this investiga- 
tion were made by the Medical Research Council 
and the National Coal Board. Mr. B. C. S. Hollands, 
Mr. J. Cartwright, and Mr. M. Donovan-Scho- 
field rendered skilled technical assistance. The Glaxo 
Laboratories made a gift of the mice, and Mr. E. G. 
Tomich, of these laboratories, offered instruction in 
the experimental technique. 
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Il. Present Difficulties of Interpretation 


E. J. KING, D.Sc. 
S. H. ZAIDI, M.B., London 
and 


G. NAGELSCHMIDT, D.Phil., Sheffield, England 


The solubility theory of silicosis was re- 
viewed by one of us (E. J. K.*) in 1947. 
This theory arose out of the findings of Gye 
and Purdy * and Gye and Kettle * that silicic 
acid and colloidal silica (forms of hydrated 
silica) are toxic to tissues and the finding 
of Gardner * that Carborundum dust is non- 
silicosis producing. It had previously been 
supposed that silicotic fibrosis was a response 
of the tissues to an abrasive action by the 
particles of powdered quartz and other forms 
of free silica. But the particles of Carborun- 
dum used by Gardner were as hard, sharp, 
and abrasive as those of powdered quartz, 
and it did not 
that the typical 


appear possible, therefore, 
reaction to quartz particles 
could be due to a traumatization of the tis- 
sues. Later, Kettle,’ in 1932, showed that the 
same quartz particles which readily pro- 
duced silicosis in animals no longer did so 
if they were first coated with a thin layer 
of iron oxide, which did not alter their micro- 
scopic appearance or sharpness. This, coupled 
with the finding of Archer (consult Kettle °) 
that silicic acid goes into solution in small 
amounts from the surface of the particles of 
powdered quartz, suggested that the iron- 
coated quartz did not produce silicosis be- 
cause the surfaces of its particles had been 
prevented from releasing soluble silica into 
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Sihca-Solubility Theory of Silicosis 


solution in the cell and tissue fluids where 
the quartz particles were deposited. The 
solubility theory, therefore, supposes that 
the particles of quartz, flint, and other forms 
of free silica are fibrogenic and produce 
silicosis because they slowly and chronically 
release a poisonous substance, i. e., silicic 
acid, from their surfaces. 

The solubility theory probably received its 
greatest support from the work of Denny, 
Robson, and Irwin * who showed that it was 
possible to coat quartz particles with alumi- 
num hydroxide, thereby lowering both their 
solubility and their pathogenicity. On this 
finding rests the widespread practice of 
aluminum prophylaxis and therapy for sili- 
cosis. 

Extensive solubility studies of different 
silicate minerals by several workers (e. g., 
King* ) demonstrated an apparent parallelism 
between solubility, on the one hand, and 
pathogenicity, on the other. Those mineral 
dusts which had a reputation for being of 
low pathogenicity and which had the name 
industrially of not being dangerous dusts 
(kaolin, feldspar, olivine, etc.) likewise had 
very low silica solubilities, while the dusts 
of the various forms of free silica (quartz, 
flint, chert, some diatomaceous dusts, opal, 
etc.) were both very silicosis-producing and 
had high silica solubilities in water, in Ring- 
er’s solution, and in body fluids. These 
solubilities were of the order of 10 to 16 mg. 
per 100 ml.+ 

In a study of the effect of modifications of 
the surface of quartz on its fibrogenic proper- 
ties in the lungs of rats, King and associates™ 


* Reference 1. King, E. J.: Pneumoconiosis Re- 
search in the British Isles, read before the Con- 
ference on Silicosis and Aluminum Therapy, held 
under the auspices of the McIntyre Research Foun- 
dation, Schumacher, Ont., Canada, Jan. 30, 1951. 

+ References 7 to 10. Wheatley, K., and Pater- 
son, M., to be published. 
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showed that it was immaterial for fibrosis 
production whether the quartz powder was 
of high solubility or whether its “high- 
solubility layer” (Clelland, Cumming, and 
Ritchie '*) had been removed by continued 
leaching or by etching with hydrofluoric acid, 
thus reducing its solubility to a very low 
figure. In another study ** it was shown that 
different forms of free silica (fused amor- 
phous silica, quartz, cristobalite, and tri- 
dymite) were of markedly different fibro- 
genicity, despite their having almost identical 
solubilities, composition, and surface areas. 
Such findings were difficult to reconcile with 
the solubility theory of silicosis. Similar re- 
sults have been obtained, and doubts about 
the solubility theory expressed, by Kloster- 
kotter."* 

These marked differences in the patho- 
genicity of the different forms of free silica 
have recently been confirmed by Zaidi and 
associates '* in another animal and another 
organ. These authors injected equal amounts 
of vitreous silica, quartz, cristobalite, and 
tridymite, of similar purity (over 99% 
SiOz), solubility, and surface area, into the 
tail veins of mice and thereby produced fibro- 
sis of the livers. The rate and severity of 
fibrous tissue production were simiiar, i. e., 
tridymite > cristobalite > quartz > fused 
silica. These dusts were similar in size and 
purity to those which had been used by King 
and associates ** in the rat lung experiments, 
and although their one-week solubilities were 
almost the same, it was thought that a more 
intimate study of the rates of dissolution, 
both initially and over a long period of time, 


TABLE 1.—Analyses of Free Silica Dusts of Similar 
Purity and Particle Size (<2) 


Surface 
SiOe, Area,* 
Code No. PerCent M?/Gm. 


Fused silica qd) X 2685 99.4 
(2) X 2835 98.4 1.5 
Quartz (1) X 2469 98.2 14 
(2) X 2530 99.3 1.6 
Cristobalite qi) X 2470 99.3 1.7 
(2) X 2571 99.4 2.3 
Tridymite q) X 2285 99.2 14 
(2) X 2612 99.4 2.2 


* Calculated from size distributions determined by elec- 
tron microscopy. 
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Taste 2.—Long-Term Solubilities of Free 
Silica Dusts * 
Milligrams of Dissolved Silica per 100 ml.t 


Fused Cristo- 
Wk. Silicat Quartz} balitet Tridymitet 
1 15 ll 13 14 
2 15 12 13 4 
3 16 12 15 15 
4 15 9 14 15 
5 l4 5 12 13 
6 14 2 12 12 
7 4 1 4 4 
9 9 2 5 5 
10 y 2 5 6 
ll 9 2 5 5 
12 6 1 3 3 
13 5 1 8 8 
14 5 1 3 3 
Total 
(percentage 


dissolved) 6.8 3.1 5.4 5.6 


* Samples 1, consult Table 1. 

+ Two-tenths gram of dust was shaken at 37 OC with 
collidine-buffered Ringer’s solution (pH 7.4), centrifuged, 
and filtered. Soluble silica was determined at the end of 
each period. The centrifuged dust was resuspended in 10 
ml. of fresh Ringer’s solution at the beginning of each 
new period. 

t Milligrams of silica dissolved in 100 ml. of Ringer’s 
solution from different forms of free silica. 


might reveal differences which could be cor- 
related with the different degrees of patho- 
genicity. The characteristics of the dust are 
set out in Table 1, and the solubility results 
in the Figure and Table 2. Although the 
amounts of silicic acid found in solution after 
one week were very similar for the four dusts, 
as found by King and associates, there were 
considerable differences in the rates at which 
silica came into solution during the first few 
hours of the experiments. But although these 
rates of dissolution were in an order similar 
to their pathogenicities for quartz, cristoba- 
lite, and tridymite, they were not sufficiently 
different to explain in any reasonable way 
the very great differences in pathogenicity 
which had been observed in both rats and 
mice; moreover, the solubility figures for 
the fused silica were quite out of line. In 
the long-term solubilities of these dusts 
(Table 2), the fused silica continued to be 
dissolved at a higher rate and for longer 
than any of the crystalline forms, and this 
was the dust which had produced the least 
fibrosis and at the slowest rate. Tridymite 
continued to dissolve at a rate greater than 
that for cristobalite and greater than for 
quartz, but, as in the short-term solubilities, 
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SILICA-SOLUBILITY THEORY OF 
the differences were again quite insufficient 
to explain the very great differences in patho- 
genicity. That these differences in the rates 
of dissolution were valid for these particular 
dusts was shown by repeating the solubility 
studies several times and having them 
executed by different operators. But further 
work made it appear probable that these dif- 
ferences were true only for these particular 
specimens and did not hold for the mineral 
species in general. Another set of fractions 
of similar size was prepared from the same 


SILICOSIS 


of samples used. Experiments on the dis- 
solution of these new samples of free silica 
dusts, by different operators, again showed 
that the solubility results were repeatable, 
that they were always in the same order, and 
that there was agreement among the operators 
(Table 3). But with this set of samples the 
solubility and rate of dissolution of cristoba- 
lite, while still higher than the solubility and 
rate of dissolution of quartz, were now higher 
than tridymite, while the fused silica was 
much the highest of the lot. The solubilities 


1, consult Table 1). 


TaBLe 3.—Long-Term Solubilities of Free 
Silica Dusts * 
Total Silica Dissolved as Percentage, for 


Tri- 


Fused Cristo- 
Analyst Wk. Silica Quartz  balite dymite 
V.P. 74 41 4.5 3.1 
8. J. 79 4.1 4.8 3.2 


* Samples 2, consult Table 1. 


stock of the four modifications of free silica. 
These showed the same high degree of purity 
and surface areas, as is shown in Table 1, 
where they are compared with the first set 


id sed (x2669) 
Tid 
12 + 
t 
= 
2 4 6 


Tume in hours 


Dissolution of free silica dusts, i. e., fused silica, quartz, cristobalite, and tridymite (Samples 


of these particular dusts are quite out of line 
with their pathogenicities. 

“Test-tube” experiments may not give a 
true reflection of the rates at which dissolu- 
tion of silicic acid takes place from particles 
of siliceous minerals in the tissues of the 
body, and it was therefore decided to study 
the rates of excretion of silicic acid in the 
urine of groups of mice which had been 
intravenously injected with equal amounts 
(10 mg.) of the different free silica particles. 
The mice were maintained on an almost 
silica-free diet (a mixture of three parts 
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TaBLe *.—Urinary Excretion of Silicie Acid After 
Injection of Different Forms of Crystalline 
Free Silica 


Total 
Silica Amount 
Mice in Collee- Excreted of Silica/ 
Dust Group, tion, by Group, Mouse/ 
Injected No. Hr. Mg. 48 Hr., 7 
Quartz, 23 — 22 48 3.9 176 
10 mg. 22— 19 48 3.6 175 
19— 18 48 3.1 168 
18— 16 72 3.6 102 
16 —- 15 48 3.1 200 
15 — 13 48 2.7 193 
13— 8 48 ao 101 
1— 8 72 1.8 92 
8— 6 48 2.7 385 
Total silica excretion in 20 days per mouse=1.594 mg. 
Cristobalite, 19— 18 48 4.5 243 
10 mg. 18 — 18 48 4.8 267 
18 — 18 48 3.3 183 
18 — 16 72 5.2 204 
16 — 15 48 3.9 252 
15— 15 48 3.3 220 
15— 14 48 2.2 152 
14— 14 72 2.7 129 
14— 14 48 0.7 50 


Total silica excretion in 20 days per mouse=1.700 mg. 


Tridymite, 21— 19 48 4.8 240 
10 mg. 19 — 19 48 4.0 211 
19 18 48 3.5 189 

18 15 72 44 177 

15 12 45 3.9 289 

12— 10 48 3.9 355 

10— 9 48 1.2 121 

9— 9 72 2.1 156 

9— 9 48 2.2 244 


Total silica excretion in 20 days per mouse=1.983 mg. 


of cooked egg with one part of sucrose for 
the morning feed, and one of 60% Analar 
starch, 5% yeast powder, and 35% full cream 
powder for the evening feed). They were 
given distilled water ad libitum. The animals 
were kept in metabolism cages, and the urine 
was collected in plastic bottles, the funnel 
of the metabolism cage being washed out 
with 10 ml. of distilled water and this added 
to the urine. The urine was collected during 
48-hour periods, and on week ends during 
72 hour. Dissolved silica was determined in 
these specimens by the modified colorimetric 
method of King and associates.*° Two ex- 
periments were conducted on two different 
sets of mice, and these gave substantially 
similar results. The results of the second, 
longer, experiment are set out in Table 4. 
The excretions of silica in the urine, which 
were followed for three weeks, showed con- 
siderable variability but were fairly con- 
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sistently higher for tridymite than for cris- 
tobalite and for quartz. (The large increase 
in the last quartz sample of urine was prob- 
ably due to cannibalism, when the remaining 
mice ate one which had died and which, 
of course, had a considerable amount of silica 
in its body.) These results for in vivo solu- 
bilities, therefore, confirm the differences 
found among the three different forms of 
crystalline-free silica in the “‘test-tube” ex- 
periments with the first set of samples. 


A similar in vivo study of the rate of 
excretion of silicic acid after the intravenous 
injection of constant areas of different sizes 
of flint (Zaidi and associates'?) was also 
carried out. The results (Table 5) showed 


TABLE 5.—Urinary Excretion of Silicic Acid After 
Injection of Ground Flint of Different 
Particle Size and Constant Surface 
(75 Cm.2) 


Total 
Silica Amount 
Mice in Collee- Exereted of Silica/ 
Dust Group, tion, by Group, Mouse/ 
Injected No. Hr. Mg. 48 Hr., y 
Flint, 32*— 32t 45 4.0 125 
1.04 — 2.0u 32 — 30 72 2.1 45 
7.5 mg. 30 — 28 48 5.1 175 
28 — 24 48 3.0 115 
24 — 22 72 4.5 130 
22 — 22 45 3.1 140 
22 — 21 96 3.6 82 


Total silica excretion in 18 days per mouse=0.81 mg. 


Flint, 32 — 32 48 4.0 125 
0.54 — 1.06 32 32 72 54 112 
3.2 mg. 32 — 32 18 6.6 206 
32 — 29 48 3.0 98 
29 — 28 72 6.0 140 
28 — 28 48 4.1 146 
28 — 26 96 3.5 64 
Total silica exeretion in 18 days per mouse=0.89 mg. 
Flint, 34 — 34 45 5.3 14 
6.24 — 0.56 34 — 32 72 44 538 
1.2 mg. 32 — 32 48 5.5 170 
32 — 28 48 2.9 
28 — 24 72 4.0 102 
24— 19 48 3.8 176 
19 — 18 96 2.9 78 
Total silica excretion in 18 days per mouse=0.86 mg. 
Flint, 32 — 32 45 4.0 125 
<0.24 32 — 32 72 3.9 82 
0.6 mg. 29 — 29 48 3.8 131 
29 — 28 45 3.8 138 
28 — 21 72 3.8 108 
21— 14 48 2.9 165 
14— 5 96 19 100 


Total siliea excretion in 18 days per mouse=0.84 mg. 


* Number of mice at beginning of urine collection. 
+ Number of mice at end of urine collection. 
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SILICA-SOLUBILITY THEORY OF 
a more or less constant rate of excretion for 
the different groups. 


COMMENT 

These animal experiments on the rate of 
excretion of silicic acid after the administra- 
tion of the powdered mineral do not neces- 
sarily conflict with the solubility theory of 
silicosis, but it must be admitted that they 
do not give it very strong support. The test- 
tube experiments appear to indicate that the 
small differences in solubility and in rate of 
dissolution observed with apparently identi- 
cal, or nearly identical, specimens of the dif- 
ferent free silicas may be due to extraneous 
causes, such as small differences in particle 
size and in the amounts of amorphous layer 
on the crystalline particles, and possibly to 
different, though small, amounts of contam- 
inating impurities whose presence may be 
suspected but unproved. At any rate, the 
(test-tube) solubility of different free silica 
dusts cannot be used as a criterion on which 
to base a guess as to their probable pathoge- 
nicity. Furthermore, the same specimen of 
a free silica dust may change its solubility as 
between the time of its preparation and sub- 
sequent occasions on which its solubility is 
examined. Although Gardner '* and King ”, 
and King, Ray, and Harrison *° were unable 
to find any difference in the pathogenicity of 
freshly prepared and aged quartz dusts, there 
seems little doubt that the solubility of quartz 
dusts may decrease when they are kept 
stored in the powdered state over a period of 
years; so that here again the so-called solu- 
bility (in test tubes) does not reflect the 
fibrosis-producing capacity of the dust. 

Alternative theories to that of silica solu- 
bility have been proposed by several authors. 
There is, of course, the old mechanical the- 
ory of silicosis, which supposes the damage 
to the tissues to be done by a sort of micro- 
scopic wounding, but this theory has been 
abandoned by most workers. Heffernan ft 
proposed a specific surface-activity theory, 
but this is difficult to fit in with the markedly 
fibrogenic properties of such very different 
forms of free silica as fused amorphous sil- 


t References 21 and 22. 
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ica, on the one hand, and the crystalline sili- 
cas, on the other. Jager** has put forward 
the hypothesis that the surface of quartz par- 
ticles, owing to the crystalline structure of 
quartz, orients and denatures protein; that 
the crystal structures of quartz fits the col- 
lagen structure, and that by copious hydrogen 
bonding collagen is formed. Scheel, Smith, 
Van Riper, and Fleisher ** have found that 
serum protein adsorbed on quartz particles 
has different agglutination properties from 
the serum protein itself and that silicotic 
fibrosis may be the result of a foreign protein 
reaction in the tissues. 

In the present state of uncertainty about 
the solubility theory of silicosis, these other 
hypotheses furnish the possibility of per- 
haps fruitful investigation, and experiments 
designed to test them should yield interest- 
ing information. “Silica solubility” has fur- 
nished the basis for a useful theory and guide 
to experimental work in the past, and while 
it would be premature to say it must be 
abandoned in favor of another theory, it 
should certainly be borne in mind by workers 
in this field that there are serious difficulties 
in the way of interpreting many facts in con- 
nection with silicosis on the basis of solu- 
bility. 

SUMMARY 

The solubility theory of silicosis has been 
submitted to further critical study, and sev- 
eral experimental findings have emerged 
which are difficult to reconcile with it. 


Different specimens of quartz, of identical 
composition but of markedly different solu- 
bility, may have the same fibrogenic effect in 
the lungs of animals. Different forms of free 
silica, of identical chemical composition, may 
have very similar solubility and, given in 
amounts which ensure similar surface 
areas, may have markedly different fibrosis- 
producing capacities. The same mineral, 
prepared in different ways with similar 
particle-size distributions, surface areas, and 
identical composition, may have appreciably 
different solubilities and yet produce simi- 
lar degrees of fibrosis at the same rate in 
animals. 
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PULMONARY EMPHYSEMA AND THE 


OCCUPATIONAL DUST DISEASES 


INTRODUCTION 


O. A. SANDER, M.D., Milwaukee 


Emphysema as related to occupational dis- 
vases of the lungs has become increasingly 
important in recent years. It is growing in 
importance because more and more workers 
who have been exposed to various kinds and 
concentrations of dusts are becoming older 
and many are working well beyond age 65. 
The age factor with emphysema has not been 
sufficiently stressed in the past, and little is 
known of its incidence in the later decades 
in the general population. The investigators 
of the British Pneumoconiosis Research Unit 
in the coal fields in South Wales clearly 
showed an increasing incidence of emphy- 
sema by age groups, quite apart from any 
pneumoconiosis which these miners might 
have had. That being true, before one can 
ascribe the emphysema of certain occupation- 
al groups to the dust hazard to which they 
are exposed, it is necessary to determine 
statistically whether there is significantly 
more emphysema, and severer emphysema, 
per age group than in the general population. 
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Also to be considered in our discussion 
this afternoon will be the functional signifi- 
cance of emphysema of various types and 
degrees, the basic pathology of the different 
types, the prevention of both the condition 
and its progression to a disabling stage, as 
well as treatment of the latter. All these have 
a bearing on the very practical consideration 
of what to do with a patient who is found to 
have evidence of emphysema, either disabling 
or nondisabling. If it is causing little or no 
impairment of lung function, should he con- 
tinue in the dusty trade in which he now is 
engaged? The answer to this question de- 
pends on the type and quantity of the dust 
exposure at the time of the case study, as 
well as on the prevailing concept of the func- 
tional significance of the various kinds and 
degrees of emphysema. 

We are fortunate in having a panel of out- 
standing specialists in this field, each with a 
different approach to the problem of emphy- 
sema and each having made special studies 
of emphysema over the past 10 to 15 years. 

The published material from this sym- 
posium obviously does not constitute a com- 
plete treatment of the various problems re- 
lated to the understanding, recognition, and 
therapy of the various physiologic disturb- 
ances which occur. The references also do not 
include many which would be obligatory in 
more formal and complete presentations. 
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Emphysema — erminology Classification 


GEORGE W. WRIGHT, M.D., Cleveland 


The unmodified word emphysema is com- 
monly used on the assumption that it will 
convey to the listener or reader the user’s 
own concept of a particular abnormal state 
of the respiratory apparatus. This assump- 
tion is not justified and leads to confusion 
because of the strikingly different conditions 
for which the word emphysema is used. Ex- 
perience with the semantic aspect of emphy- 
sema makes apparent the absolute need for 
such qualifying terms as acute, chronic, dif- 
fuse, focal, obstructive, compensatory, etc. 
Even when these modifying terms are used 
with care, confusion still exists, because the 
clinician, the radiologist, the pathologist, and 
the physiologist each uses different tools and 
criteria for recognizing the various manifes- 
tations of abnormality grouped under the 
general term emphysema. 

Historically the word emphysema has been 
used to connote a condition in which all or 
any part of the lung assumes an abnormally 
distended state. During an attack of bron- 
chial asthma, with its characteristic predomi- 
nant impairment of expiratory air flow, the 
lungs assume an end expiratory size of pro- 
gressively larger dimensions. In a similar 
fashion, a foreign body lodged in the trachea 
or in one of the bronchi may impair expira- 
tion while permitting inspiration, with the 
result that the lung tissue distal to the ob- 
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struction becomes increasingly filled with air. 
Both of these reversible conditions are, for 
apparent reasons, referred to as acute ob- 
structive emphysema. 

Another type of enlargement of lung tissue 
is that which is called compensatory emphy- 
sema. Whenever the total volume of lung 
tissue is diminished in the course of surgical 
operations or as a result of atelectasis, the 
remainder of the healthy lung overdistends 
in order to fill the space left by the lung 
tissue which has been removed or destroyed. 
The consequence is that, at any given phase 
of respiration, each remaining segment of 
lung tissue is larger than it was prior to the 
surgical operation or the atelectasis. The use 
of the word compensatory to classify this 
sort of lung enlargement is somewhat mis- 
leading. Actually the overdistended lung 
compensates only in respect to filling a void 
which otherwise would be present. New 
alveoli are not created and new vascular 
surfaces do not develop except perhaps in 
infants. The fact that in this type of disease 
there is a chronic overdistention and enlarge- 
ment of lung tissue makes it proper to use 
the term emphysema. 

Another category is that of senile or pos- 
tural emphysema. This term connotes en- 
largement of the alveoli, believed to be sec- 
ondary to fixation of the spine and loss of 
elasticity of the thoracic wall or of the lung 
itself. The thoracic cage assumes a position 
of inspiration and, hence, pulmonary enlarge- 
ment. There is some question as to whether 
or not the alveoli in these circumstances are 
actually enlarged, and there are those in- 
vestigators who believe this category of em- 
physema is a spurious one. 


Other forms of emphysema exist. For ex- 
ample, bullous emphysema indicates the pres- 
ence of enlarged cyst-like structures in the 
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lung, the remainder of the lung being entirely 

normal in structure or perhaps the site of a 
variable degree of abnormal alveolar enlarge- 
ment. Perifocal emphysema connotes local- 
ized or focal areas of dilated alveoli usually 
located around scar tissue. Recent evidence 
has been interpreted to suggest that what has 
heretofore been considered to be dilated alve- 
oli instead may be dilated respiratory bron- 
chioles. In bullous and perifocal emphysema, 
and also in postural and senile emphysema, 
the cyst-like air spaces in the lung, rather 
than actual enlargement of the lung in toto, 
are the basis for the use of the term emphy- 
sema. 

The remaining category is that of diffuse 
obstructive emphysema. This is sometimes 
referred to as chronic hypertrophic emphy- 
sema, substantive emphysema, or essential 
emphysema. The term chronic diffuse ob- 
structive emphysema, originally used by 
Lanec to describe this clinical and anatomical 
abnormality, seems most appropriate to me. 
Current studies indicate that perifocal em- 
physema, compensatory emphysema, and 
senile emphysema are all forms of pulmonary 
tissue distention, which are not associated 
with clear-cut evidence of airway obstruction. 
In contrast, there is ample evidence that an 
obstruction to air flow, especially during the 
expiratory phase, is the predominant clinical 
and physiological feature of chronic diffuse 
obstructive emphysema. As will be discussed 
later by Dr. Kuschner, the histologist has 
had difficulty in demonstrating the anatomi- 
cal basis for this impediment to air flow. It 
should be mentioned at this point too that 
the various categories of emphysema can 
coexist. 

Since chronic diffuse obstructive emphy- 
sema is the most disabling type and is prob- 
ably the variation of greatest importance in 
industry, a brief discussion of its clinical 
manifestations is warranted. There is strik- 
ing variation in symptomatology, in the mode 
of onset, and in the past history of the pa- 
tient with diffuse obstructive emphysema. 
Some patients with very severe respiratory 
impairment deny anything unusual in the 
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way of cough or sputum and will say that 
they virtually never have a head or chest cold. 
Other patients, however, complain of fre- 
quent respiratory infections, with the produc- 
tion of moderate to large amounts of clear 
or purulent sputum. In some patients atmo- 
spheric conditions or emotional tension mark- 
edly augment the severity of symptoms, 
whereas in others there is relatively little 
variation in the degree of distress. Some 
give a history of very insidious and slow on- 
set over a period of years, whereas others 
seem to be able to date the onset to a definite 
period of only a few days’ or weeks’ duration. 
In these latter cases the onset is commonly 
associated with acute respiratory infection 
or a period of great emotional stress. 
Exertional dyspnea without orthopnea, 
wheezing, paroxysms of cough with the pro- 
duction of some but not always large amounts 
of sputum, and a predilection to chest colds 
at which times breathing becomes much more 
difficult are rather characteristic of the pa- 
tient with diffuse obstructive emphysema. 
The thorax is apt to be increased in the an- 
terior posterior diameter, although severe 
diffuse obstructive emphysema may be pres- 
ent without any increase in this measure- 
ment. A slight upper dorsal kyphosis is 
common, and the angle of Louis is apt to be 
exaggerated. The thorax 
masse. 


tends to move en 
Breath sounds are distant, and rhon- 
chi that do not disappear by cough are apt 
to be present. There is a diminished ability 
to augment the respiratory sounds by taking 
a deep and rapid breath. Expiration usually 
is markedly prolonged when an attempt is 
made to empty the chest completely. The 
heart sounds are apt to be distant, and the 
pulmonary second sound may be louder than 
that heard over the aortic area. As a group, 
these people are apt to be thin and middle- 
aged or older. Cyanosis is not usually seen, 
except during exertion or at such times as 
when bronchopneumonia or a suppurative 
bronchitis is present as a complication. The 
fingers are rarely clubbed, unless some other 
complication, such as bronchiectasis, is pres- 
ent. Cardiac complications are usually absent 
until late in the course of the disease, at which 
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time evidences of cor pulmonale are to be 
expected. Polycythemia of a significant de- 
gree does occur but is uncommon. It should 
be noted that this description of the patient 
with chronic diffuse obstructive emphysema 
is very similar to that of the patient who has 
what is termed by some intrinsic asthma. It 
is possible that so-called intrinsic asthma is 
but a variant of what will at some future 
time be more accurately delineated as chronic 
diffuse obstructive emphysema. 

In the so-called classical or severe cases of 
ditfuse obstructive emphysema, the diagnosis 
on clinical grounds presents little or no prob- 
lem. In slighter grades, however, the abnor- 
inality is frequently overlooked or diagnosed 
falsely. If one utilizes evidences obtained at 
postmortem examination as the final criteria 
of the presence or absence of diffuse obstruc- 
tive emphysema, one is forced to conclude 
that the antemortem observations sometimes 
fail to disclose the true state of affairs. The 
disease may be overlooked or mistakenly be- 
lieved to be present. In the light of our 
present-day knowledge there is reason, as 
will be discussed by Dr. Kuschner, to ques- 
tion the correctness of using histological evi- 
dence as the most reliable criterion for the 
presence or absence of diffuse obstructive 
emphysema. The lack of a close agreement 
between the physiologic and the anatomic 
abnormalities of this disease leads to confu- 
sion. It is becoming increasingly apparent 
that the impediment to expiration, so char- 
acteristic of this disease, has a large function- 
al component that cannot be recognized by 
the usual histologic techniques. 

The considerable variation in the clinical 
and histologic manifestations of chronic 
diffuse obstructive emphysema is paralleled 
by variations in the type of impairment dis- 
closed by physiologic measurement. If one 
studies a group of patients having the clinical 
stigmata of chronic diffuse obstructive em- 
physema, all of whom complain of a similar 
degree of exertional dyspnea, the most con- 
sistent physiologic defect will be found to 
be a reduction in the maximum breathing 
capacity. In some the absolute total volume 
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will be markedly increased, whereas in others 
this measurement may be within normal 
limits. In some the absolute size of the lung 
at the end of full expiration is greatly in- 
creased, while in others it is only slightly 
larger than normal. In this latter group it 
will be noted that, although the lung can be 
emptied to an approximately normal degree, 
a marked prolongation of expiratory effort 
is required in order to bring this about. It 
is of considerable interest that the majority 
of patients, even in the presence of a marked 
loss of breathing ability and severe exertional 
dyspnea, will show normal arterial blood 
gases at rest, but not necessarily following 
exercise. It is apparent that little or no pul- 
monary artery blood perfuses the badly ob- 
structed portions of their lungs. In others, 
however, there may be a marked abnormality 
of the arterial blood gases. These consider- 
able variations in character and degree of 
change might be expected in so complex a 
system as the lung. In addition, however, 
these marked variations in clinical and phys- 
iologic abnormalities also raise the question 
of the degree of homogeneity that exists in 
the disease we now classify as chronic diffuse 
obstructive emphysema. It seems entirely 
possible that we are dealing with more than 
a single entity. 

It is readily apparent, from the point of 
view of semantics, that the term emphysema 
may have several connotations. Even when 
its use is restricted to diffuse obstructive 
emphysema, the term is used variously by 
the clinician, the histologist, the radiologist, 
and the physiologist. In the light of this con- 
fusion, it is obvious that reliable information 
concerning the incidence of any of the various 
forms of emphysema, and hence their proper 
relationship to industrial practice, is simply 
not available. To recognize this state of af- 
fairs is a step forward too for two reasons. 
First of all, realizing that we lack the neces- 
sary information, we may set about attempt- 
ing to get it. Secondly, much of the loose 
thinking and premature and unwarranted 
action regarding the occupational etiology 
of emphysema may be avoided. 
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The relationship of one or another of the 
various forms of emphysema to certain ab- 
normalities of the lung considered to be 
occupational in etiology has been demon- 
strated. For example, perifocal emphysema 
has been shown to be a prominent feature of 
the simple form of coal workers’ pneumo- 
coniosis. It has also been described in as- 
sociation with the simple discrete nodular 
form of silicosis and as a variable finding in 
asbestosis and in pulmonary granulomatosis 
of beryllium workers. This form of emphy- 
sema has not been shown to lead to clinical 
symptoms or, for that matter, to significant 
alterations of pulmonary function. A form 
of emphysema that is very similar, if not 
identical, to chronic diffuse obstructive em- 
physema, as evidenced by clinical symptoms 
and physiologic abnormality, has been dem- 
onstrated as a complication of conglomerate 
silicosis and of the massive form of coal 
3ecause of the 
unusually high incidence of this form of em- 
physema in these two diseases of occupation- 
al origin, it is proper to believe that there is 
a causal relationship until proved otherwise. 


workers’ pneumoconiosis. 


In contrast to the emphysema that compli- 
cates massive forms of occupational pul- 
monary fibrosis, the ordinary form of chronic 
diffuse obstructive emphysema is not associ- 
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ated with any unusual amount of pulmonary 


fibrosis. It occurs commonly in the office 
worker or the professional man and in the 
housewife. These are persons having little 
or no exposure to dust and fumes. Never- 
theless, there is a tendency on the part of 
some physicians to believe that, whenever 
chronic diffuse obstructive emphysema exists 
in a worker who has been exposed to a dust 
or fume, the latter must automatically be 
considered the cause of the emphysema. 
There is no critical evidence with which one 
can justify such a conclusion. 

Such data as now exist support the belief 
that the incidence of diffuse obstructive em- 
physema of the ordinary variety is approxi- 
mately the same among the dusted and the 
nondusted populations. In our present state 
of ignorance about this disease, the necessity 
for keeping an open mind and avoiding un- 
warranted conclusions is obvious. The great 
need for a critical study of the industrial and 
nonindustrial aspects of the pulmonary ab- 
normalities now loosely grouped in the cate- 
gory of emphysema is equally apparent. Un- 
warranted action based on misinformation, 
lack of information, or cupidity is injurious 
to the health and welfare of the worker and 
to industry. To avoid this, accurate informa- 
tion rather than speculation is essential. 
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Kadiological Diagnosis 


of om Emphysema 


LEONARD J. BRISTOL, M.D., Trudeau, N. Y. 


First of all, I believe that we should dis- 
card the erroneous belief that a diagnosis 
of pulmonary emphysema can be established 
dn the basis of a chest roentgenogram taken 
in full inspiration. Even when such a film 
is of sufficiently good diagnostic quality to 
establish the presence of blebs or bullae, it 
is still not permissible to make a diagnosis 
of diffuse emphysema. Very often such a 
diagnosis has been incorrectly made upon 
the criteria of flattened hemidiaphragms, 
increased translucency or hyperillumination 
of the lungs, or the impression that the lungs 
fill the thorax to fullest capacity. 

When on the frontal or the lateral chest 
roentgenogram taken in full inspiration there 
is demonstrated a decrease in vascular mark- 
ings, a definite increase in the anteroposterior 
diameter of the chest, and a horizontal posi- 
tion of the ribs, it is proper to consider a 
diagnosis of pulmonary emphysema. How- 
ever, it must be remembered that none of 
these is a reliable index in itself ; the presence 
of one or all of them should only suggest 
further investigation. 

Much information concerning the dynam- 
ics of respiration in a given case may be 
obtained by comparison of a film made in 
full inspiration with one made in full ex- 
piration. Still more definite evaluation of 
the physiological features of respiration is 
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Regression Formula 134 cases 
%RA = 10713 x Exp. insp. — 43.0146 


Standard Deviation of %R.A. = 46620 33 
Correlation Coefficient « 772 
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Fig. 1—Regression formula, demonstrating excel- 
Area Expiration 


lent correlation between ratio — and 
Area _ Inspiration 


per cent residual air. Correlation of coefficient 0.772, 
with standard error of £0.02. 
obtained by fluoroscopic examination of the 
chest. 

This latter procedure is simple but requires 
considerable experience, especially in border- 
line cases where it is necessary to classify 
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Fig. 2.—Schematic diagram demonstrating com- 
parison of residual air with radiologic lung volume 
at expiration and of total volume with radiologic 
area at inspiration. 
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RADIOLOGICAL DIAGNOSIS OF OBSTRUCTIVE EMPHYSEMA 


Fig. 3.—A, full inspiration film of a healthy young man. B, forced expiration film of same 
person. Note the ascent of hemidiaphragms and excellent emptying of both lungs. This patient 
had a normal maximum breathing capacity and residual volume. 


Fig. 4.—A, inspiration. B, forced expiration. Only a slight rise of the diaphragms and very 
poor emptying of the lungs. At fluoroscopy the patient failed to empty rapidly. His maximum 
breathing capacity was 42 liters/minute; residual air, 53%. These marked physiologic abnormal- 
ities of respiration are not reflected in the full inspiration roentgenogram. 
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Fig. 5.—A, inspiration. B, forced expiration. 
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Practically no rise of diaphragms at forced 


expiration, with considerable trapping of air throughout at this phase. Full inspiration film did 
not present any gross abnormalities; from it alone one could not predict the maximum breathing 
capacity of 27 liters/minute and residual air of 67%. Following comparison of full inspiration and 
forced expiration films and adequate chest fluoroscopy, a diagnosis of marked diffuse obstructive 


emphysema was made. 


a patient as having mild pulmonary impair- 
ment. In examining a patient by means of 
the fluoroscope, one should seek the answers 
to the following questions: (a) Are the 
hemidiaphragms fixed, depressed, or flat- 
tened, and do they ascend the usual distance 
in a free and equal manner? (b) Is the 
emptying of the lungs on expiration normal 
with respect to volume and to the time re- 
quired for emptying to take place? (c) Is 
there evidence of air trapping, either uni- 
lateral or bilateral, symmetrical or localized ? 
(d) Is there evidence of mediastinal shift 
during any phase of respiration? If these 
questions can be answered, then a more 
definite statement can be made concerning 
the presence or the absence of pulmonary 
impairment. 

Dr. George Wright and others have shown 
that there is an excellent correlation between 


(Area on Expiration Film) 
(Area on Inspiration Film) 


ally determined ratio of the residual volume 
to the total lung capacity (Fig. 1). In other 
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words, the square area of lung at full ex- 
piration can be compared with residual 
volume, and the square area at full inspira- 
tion with total lung capacity. The radiologic 
measurements are made by tracing the 
thoracic parietes with a planimeter ( Figs. 
2 to 5). 

In conclusion, it may be stated with a 
high degree of certainty that, while radiologic 
procedures can be employed in deciding 
whether or not a patient has diffuse obstruc- 
tive emphysema, the exact degree of pul- 
monary impairment must be determined by 
physiologic studies. Bullous emphysema can 
be readily diagnosed from chest roentgeno- 
grams and by fluoroscopy. If pulmonary 
dysfunction results from this condition, it can 
be determined by the radiologic methods 
described. Very often pulmonic interstitial 
emphysema can be detected by roentgenologic 
examination. This diagnosis is definite when 
mediastinal involvement is present. 
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the | Types of Emphysema 


MARVIN KUSCHNER, M.D., New York 


Any discussion of the relationship between 
emphysema and inhalation exposure to fibro- 
genic dusts would seem to require, first, an 
understanding of the character of the mor- 
phologic changes we designate as emphy- 
sema. Such terms as obstructive emphysema 
and senile emphysema carry with them cer- 
tain definite implications as to pathogenesis 
and etiology. Since there is considerable 
difference of opinion involved in_ these 
pathogenetic concepts, it would seem wise to 
defer their consideration and approach the 
problem initially from a purely descriptive 
point of view. 

To the pathologist, emphysema means 
simply dilatation or overdistention of air 
spaces. The term air spaces, in the sense 
used here, refers to those portions of the 
lung in which gas exchange normally takes 
place. In 
are thin 


areas so involved, alveolar septa 
and attenuated. The alveoli are 
shallow, and alveolar ducts are frequently 
dilated. The elastic tissue appears frayed or 
fragmented and diminished in amount. (We 
have seen occasional instances where elastic 
tissue is actually increased but abnormal in 
character and distribution.) Where these 
changes become extreme, there may be rup- 
ture and confluence of air spaces, with con- 
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sequent formation of bullae. The septal capil- 
laries seem attenuated. 

The changes described above are the basic 
alterations in the process we designate as 
emphysema. They may, however, differ in 
severity, extent, and distribution. The dis- 
tribution of lesions is the basis for further 
descriptive classification of emphysema. The 
qualifying terms generally used to indicate 
varying types of distribution are localized, 
focal, and diffuse. 

Localized emphysema implies the limita- 
tion of the process to a very specific portion 
of the lung. Focal emphysema is that form 
in which the changes may be present through- 
out the lungs but are, nevertheless, limited 
to specific areas within the parenchyma. 
Diffuse emphysema is the term applied to 
the condition which exists when all the 
parenchyma is involved, although there may 
be variations in the degree of involvement 
within any one lung. 

Having so categorized emphysema, we 
may proceed to examine the etiologic factors 
involved in its production and the relation- 
ships between the observed changes and 
physiologic dysfunction. Since we are con- 
cerned here with the effects of inhalation of 
potentially noxious materials which would 
tend to produce their effects throughout the 
lungs, we shall ignore localized emphysema, 
which is generally the result of factors oper- 
ating in a limited and often isolated area of 
the lung. 

Focal emphysema to us has always meant 
the type of emphysema that abuts on and is 
directly related anatomically to focal areas 
of fibrosis. It is seen as areas of dilatation 
of air spaces associated with areas of fibrous 
obliteration of neighboring alveoli and blood 
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vessels. It is this type of emphysema which 
is seen typically in cases of silicosis with 
nodular areas of parenchymal fibrosis. The 
degree of emphysema in these instances will 
vary with the degree and extent of fibrosis. 
Nevertheless, it is my impression that, in 
spite of alveolar dilatation in these cases, 
the alveoli may still be well ventilated, for 
there is no evidence of airway obstruction. 
This interpretation, I believe, explains the 
common experience of lack of correlation 
between the degree of fibrosis and emphy- 
sema, as visualized by roentgenogram or as 
seen in anatomic specimens, and the degree 
of physiologic abnormality. 

Recently, Heppleston * has described an- 
other type of focal emphysema occurring in 
workers exposed to coal dust. In these in- 
stances the dust is present in aggregates 
about the respiratory bronchioles which are 
dilated. The dilatation of these structures is 
presumed to be due to the atrophy of mural 
smooth muscle and the transmission of in- 
spiratory force normally expended on the 
now consolidated peribronchiolar alveoli to 
the bronchioles. As described in these cases, 
the focal emphysema consists of respiratory 
bronchiolar dilatation rather than dilatation 
of alveolar sacs, atria, or alveolar ducts. 
This work is based on very careful and pains- 
taking serial sectioning of a type of material 
which has not been available to us. I would 
agree, however, that the predilection for 
deposition of coal dust about the bronchioli 
is confirmed by our experience with the 
ordinary city dweller’s lung. Nevertheless, 
in the lesion as described one would find it 
impossible to predict that there would neces- 
sarily be any severe physiologic abnormal- 
ity. The demonstration of the physiologic 
significance of the lesion will be dependent 
upon correlated anatomic and_ physiologic 
studies. 


In the senile form of diffuse emphysema 
the air-space dilatation has been variously 
attributed to age-induced degeneration of 
elastic tissue, to vascular sclerosis with 
“nutritional” atrophy of septal elastic tis- 


* References 1 and 2. 
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sue, and to fixation of the thorax in the 
midinspiratory position by age-associated 
changes in the shape of the spinal column 
and in the costovertebral joints and costal 
cartilages. In such cases, in spite of the not 
infrequent extreme degrees of air-space dila- 
tation, the degree of physiologic abnormality 
is often surprisingly minimal. Here too, 
then, I believe that the lack of correlation 
between the degree of anatomic emphysema 
and the degree of physiologic dysfunction is, 
as in focal emphysema, due to the fact that 
there is no airway obstruction and that these 
dilated alveoli can still be fairly well ven- 
tilated. 


Diffuse obstructive emphysema is the 
most clinically significant form of emphy- 
sema, since it is the type associated with the 
severest degree of functional derangement. 
It is seen most frequently as a result of 
asthma or of chronic bronchitis and bron- 
chiolitis, much more frequently the latter. 
In examining anatomic material from per- 
sons with this disease, one is again struck 
by the absence of correlation between the 
severity of functional abnormality and the 
degree of alveolar dilatation. Nevertheless, 
one of the most important observations in 
this type of lesion is that, although the 
bronchiolar walls may be thickened, although 
they are most frequently the site of a chronic 
inflammatory reaction, and although there 
may be some hypertrophy of smooth muscle, 
actual anatomic narrowing or intraluminal 
obstruction cannot be demonstrated. Yet 
there is ample physiologic evidence of ob- 
struction. I believe that the most important 
factors in the production of obstruction 
may not be amenable to adequate anatomic 
demonstration. These are submucosal edema, 
bronchiolar muscle spasm, and accumulation 
of inspissated mucoid secretion. It is note- 
worthy that antibiotics and vasospastic and 
bronchodilating drugs may often reverse the 
functional abnormality in these cases, a find- 
ing which would hardly be expected if there 
were irreversible anatomic obstruction. 

Although we have discussed the forms of 
emphysema as isolated phenomena, it is 
important to realize that they very often 
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coexist. Thus, a patient with focal or senile 
emphysema, doing fairly well with a minor 
degree of functional limitation, may have 
superimposed on it an obstructive element 
following infection, with disastrous results. 
Similarly, a patient with focal emphysema 
advancing age develop a super- 
imposed senile emphysema, with consequent 
increase in limitation of function. 

Finally, then, we may consider the spe- 
cific relationships between inhaled fibrogenic 
dusts and emphysema. As noted above, sili- 
cosis may result in nodular fibrosis, with 
associated minimal focal emphysema. Severe 
degrees of disability, however, are in my 
experience the result of superimposed ob- 
structive emphysema. Is nodular silicosis in 
any way related to the obstructive emphy- 
sema that may develop? Further, I have 
stated that obstructive emphysema is most 
frequently the result of bronchitis and bron- 
chiolitis. Can this bronchial lesion be pro- 
duced by inhalation of 
dusts ? 


may with 


silica-containing 


There would seem to be two methods of 
approaching an answer to these questions. 
The first involves the demonstration of spe- 
cific characteristics of lesions associated with 
certain types of exposure, and the second 
involves the demonstration of statistically 
significant correlations between occurrence 
of lesions and history of exposure. 

As regards the first, it is my definite im- 
pression that the type of bronchitis, bron- 
chiolitis, and obstructive emphysema seen in 
association with silicosis or seen in a patient 
with a history of exposure to other suspected 
irritants is in no way distinguishable from 
that seen in a patient with no such history. 
In silicosis certainly the silicotic nodules 
will be found, but they may be separated mor- 
phologically from the more diffuse process. 
It should be emphasized, however, that the 
absence of specific morphologic characteris- 
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tics in the emphysematous lung of a worker 
exposed to silica dust by no means rules 
out the possibility of causal relationship. It 
simply means that such causal relationship 
cannot be adduced from the anatomic alter- 
ations. 

In regard to the second or statistical ap- 
proach to problems of etiologic relationships, 
the pathologist is at a distinct disadvantage. 
My own experience has been that persons 
dying in our hospital with silicosis most fre- 
quently have associated tuberculosis or severe 
pulmonary insufficiency and associated ob- 
structive emphysema. These are, however, 
the very types of cases which tend to funnel 
into a hospital with a large chest service 
and facilities for pulmonary function studies. 
Furthermore, persons with extensive physio- 
logic studies during life are the very ones on 
whom permission to perform a necropsy is 
likely to be obtained. In other cases of 
obstructive emphysema, a detailed working 
history has been obtained and notation made 
of possible inhalation exposures. The same 
history might be present but undiscovered 
in a patient dying of carcinoma of the colon 
with no pulmonary disability. 

I feel then that demonstration of causal 
relationship between various types of re- 


spiratory tract exposure and disabling ob- 
structive emphysema is not forthcoming 


from the necropsy room. Such demonstra- 
tions would seem to be dependent upon the 
type of epidemiologic studies which helped 
to uncover the relationship between silicosis 
and tuberculosis. 
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WARD S. FOWLER, M.D., Rochester, Minn. 


The characteristic features of pulmonary 
emphysema can be measured by means of 
various yardsticks. Tests of pulmonary func- 
tion represent measurements which can be 
made somewhat more objectively and uni- 
formly by different observers than can physi- 
cal examination, and therefore they have 
been used to supplement the latter. It has 
long been recognized that if a person with 
emphysema attempts a vigorous expiration 
it will be unduly prolonged, flow of gas will 
be less forceful, and wheezing often will oc- 
cur. A recording spirometer provides a 
simple means of measurement, as shown in 
the illustration. The person on whom the 
spirometer is used is instructed to inspire as 
much air as possible and then to expire as 
rapidly and deeply as possible. This differs 
from the usual procedure to determine vital 
capacity in the additional attempt at maxi- 
mal rapidity. In a normal person three things 
will be noted: (a) The volume of gas ex- 
pelled will be approximately equal to the pre- 
dicted vital capacity, which varies with 
stature, age, and sex; (b) the volume ex- 
pired will be equal to or only slightly less 
than the volume which can be expired with 
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RAPID V.C. MAX. BR. CAP. 
(22 L/min.) 
INSP. 
ExP. 
LITERS 
5 0 5 1 20 
SEC. SEC. 


Spirographic records of a maximally rapid and 
deep expiration and of the maximal breathing 
capacity maneuver in chronic diffuse obstructive 
empavsema., 


slow deliberate effort, and, most important, 
(c) the gas will be expired rapidly in terms 
of liters per second and also in such a way 
that about 80% will appear in the first sec- 
ond of expiration and 90% to 100% within 
three seconds. The illustration shows that 
if emphysema is present the first gas which 
is expired emerges fairly rapidly, but the 
larger part is expired at a decreasing rate 
of flow over a prolonged period, often limi- 
ted chiefly by the patient’s tolerance of the 
associated discomfort. In addition, the total 
volume is, by variable amounts, less than 
that predicted and often less than can be 
expelled when maximal rapidity is not at- 
tempted. 

I should like to discuss this abnormality in 
pulmonary function from several points of 
view. 

First, as a laboratory test, determination 
of rapid vital capacity is extremely valuable. 
Early users of this or similar procedures 
were Barach,' Gross,’ Tiffeneau and associ- 
ates,* and Gaensler.* The apparatus required 
is simple, and the test requires only a few 
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minutes. in my opinion, the cooperation re- 
quired of the patient is generally less than 
that required for the test of maximal breath- 
ing capacity, and for many patients it is a 
less distressing procedure. However, there 
is room for improvement in the methods of 
measuring the tracing, particularly if maxi- 
mal sensitivity in identifying the early stages 
of emphysema is achieved. A related issue 
is the necessity for acquiring more extensive 
normal standards. 

Secondly, the abnormal decrease in the 
rate of flow of expired gas reflects one of 
the principal derangements in pulmonary 
emphysema. The question has been raised 
as to whether it is proper to designate chron- 
ic emphysema as obstructive emphysema. | 
shall not discuss pathogenesis, but several 
comments can be made about the developed 
disease. When a forced expiration is at- 
tempted after a maximal inspiration, both 
the elastic recoil of the lungs and, more im- 
portant, the muscular effort provide power 
to force gas through the airways. Resistance 
may be designated as the ratio between the 
pressure applied and the resulting rate of 
flow, or rate of decrease of volume. Con- 
siderable evidence shows that one major 
cause of the decreased rates of expiratory 
flow observed in emphysema is attributable 
not to a decrease of applied pressure but to 
increased resistance to the gas. 
Whatever the nature of this increased re- 


flow of 
sistance, it seems both proper and informa- 
tive to designate it as obstructive. It is 
probable that a major obstruction occurs in 
the smaller bronchial tubes. Normally, dur- 
ing complete expiration, the diameter of the 
conducting airways decreases in an orderly 
fashion, parallel to the deflation of the total 
lung, and the resistance offered to flow of 
gas depends on their configuration and pa- 
tency. These, in turn, depend not only on 
anatomic characteristics demonstrable histo- 
logically but also, to a large extent, on dy- 
namic forces. For example, during the 
process of forced expiration the rapid de- 
velopment of a high intra-alveolar pressure, 
in conjunction with increased bronchiolar 
resistance and insufficient rigidity and elastic 
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“guy-wiring” of the bronchiolar wall, can 
produce further obstruction. 
These points indicate that a complex inter- 
action of factors underlies a decreased rate 
of expiratory flow and that a rapid forced 
expiratory effort is singularly appropriate as 
a test for this anatomic and functional dis- 
turbance in emphysema. 


bronchiolar 


Heppleston has recently given a lucid 
description of certain histologic differences 
between the peripheral pulmonary anatomy 
of classic emphysema and that of so-called 
focal emphysema of coal miners. However, 
one may question his statement that the 
dyspnea in simple pneumoconiosis is due to 
an increase of the dead space in the dilated 
respiratory bronchioles, with an impaired 
gaseous exchange. It seems at least equally 
likely that the alterations described could 
produce dynamic abnormalities, both of the 
geometric configuration of the respiratory 
bronchioles and of the afferent nervous im- 
pulses originating in the peripheral airway. 

Discussion of the simpler tests for emphy- 
sema requires consideration of the maximal 
breathing capacity, which is undoubtedly a 
valuable measurement. Whereas some prefer 
the use of a collecting bag with minimal re- 
sistance, additional information can be ob- 
tained concerning the manner in which the 
test is performed by means of a recording 
spirometer (without valves or carbon dioxide 
absorber), as illustrated, and I prefer this 
method for routine testing. The illustration 
shows the abnormally high inflation level at 
which the rapid breaths are taken and the 
“rip-saw” pattern in which the latter part of 
each expiration is more retarded than in- 
spiration. The normal standards obtained 
in Dr. Cournand’s laboratory’ are suitable 
for use with closed circuit methods, although 
somewhat lower than obtained with other 
apparatuses. The persons who provided 
these standard data were also probably simi- 
lar to average patients in their motivation. 
This test requires a maximal voluntary ef- 
fort, and at times the cooperation of the 
patient may be in question. This may be 
revealed by atypical recordings of the breath- 
ing pattern during the test. It also is helpful 
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to add several liters of oxygen to the spiro- 
meter and then observe the patient as he 
rebreathes naturally for some minutes. The 
absence of carbon dioxide absorption permits 
its accumulation, with resulting respiratory 
stimulation. The response of the patient, his 
respiratory depth and minute volume are 
often informative to the experienced ob- 
server. 

Proper instruction in execution of the test 
is imperative. This is most readily provided 
by a vigorous preliminary demonstration 
and subsequent urging by the tester. With 
such coaching, a major learning factor has 
not been noted. In a series of 100 consecu- 
tive patients, practically all of whom were 
being tested for the first time, the second 
trial averaged only 6% greater than the first, 
and 37 patients, with a first effort of less 
than 40 liters per minute, showed an aver- 
age increase on second trial of only 2 liters 
per minute. 

I regard a reduced maximal breathing 
capacity in emphysema more as an indication 
of the magnitude of mechanical dysfunction of 
the lungs, as revealed by a test somewhat 
analogous to the frequency-response tests 
used in engineering, than as a direct indica- 
tion of either the degree of dyspnea or of the 
patient’s ventilatory “ceiling.” 

In the diagnosis and quantitation of emphy- 
sema, much emphasis has been placed on the 
measurement of residual volume, which is 
regularly increased both in absolute values 
and in relation to the total capacity of the 
lungs. However, only recently have ade- 
quate data on healthy elderly persons begun 
to appear, and the current consensus appears 
to be that a ratio of residual volume to total 
capacity greater than 35%, particularly in 
persons more than 50 years of age, does not 
in itself indicate emphysema, at least of a 
type or degree associated with symptoms.* 
Unfortunately, the complexity and instru- 
mental requirements of available methods for 
measuring residual volume have limited their 
use to institutions of large size or special 
interest. 

The question then arises as to what extent 
knowledge of the residual volume is neces- 
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sary in the diagnosis and management oi 
emphysema. A simple answer is not possible. 
However, the role which measurement of 
residual volume will come to have will prob- 


ably be influenced by two developments. 
First, use of automatic gas analyzers should 
aid in simplifying the methods. Second, 
eventually enough data will be collected to 
define adequately the relationships between 
the pertinent characteristics of simpler spiro- 
graphic tests and the residual volume. It 
seems likely that for the great majority of 
cases and requirements the spirographic tests 
will provide sufficiently decisive results. The 
use, however, of the simpler tests should not 
be restricted pending these developments. 
They are, in fact, rapidly becoming more 
widely used. 

Another recently developed instrument 
which is important in evaluating pulmonary 
function is the ear oximeter, to which Wood * 
has contributed greatly. It is not as simple 
or as foolproof as a spirometer, but never- 
theless it has several practical advantages 
over the alternative method of arterial punc- 
ture and chemical analysis of gases within 
the blood. Although visual readings may be 
made continuously, accuracy is improved 
significantly by the use of recording and 
subsequent measurement. The continuous 
measurements are superior to direct blood 
sampling in detection of transient reductions 
of arterial oxygen saturation which occur 
during exercise in many cases of emphysema 
and of pulmonary fibrosis. Contrary to state- 
ments made in several texts that hypoxemia 
is usual in emphysema, it has been my ex- 
perience that patients with marked exertional 
dyspnea and impaired ventilatory tests fre- 
quently have normal values of arterial oxygen 
saturation when at rest. These same patients, 
of course, may show significant arterial oxy- 
gen desaturation following exercise. 


COMMENTS ON THERAPY 


There are several reasons for the current 
problems in therapy of emphysema. One is 
that various features are present to differing 
degrees in different patients who require 
individualized treatment. Also, a therapeutic 
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program may include many measures. ‘These 
factors and the chronic nature of the disease 
make it extremely difficult to design a clinical 
study which will have sufficient controls to 
permit the proper evaluation of a therapeutic 
measure, 

Several reports have been made recently 
on the beneficial effects of the so-called inter- 
mittent positive-pressure breathing (IPPB) 
treatment of emphysema as well as of other 
chronic pulmonary diseases.’” In practice 
this consists of systematic administration of 
aerosols of bronchodilator and other drugs, 
given with oxygen under inspiratory positive 
pressure. These reports, however, have raised 
several practical questions; for instance, Is 
IPPB a sufficiently better method than 
simpler methods of administering aerosols 
to warrant the additional cost over that of 
simpler methods? For what type of patient 
is IPPB this much better? Also questions, 
currently unanswered, have been raised con- 
cerning the physiologic effects of IPPB on 
various diseases for which it has been used. 
In a short study of chronic obstructive em- 
physema, in which most patients were still 
more or less ambulatory and not hypoxemic 
at rest, similar beneficial results were ob- 
tained when oxygen-generated aerosols of 
bronchodilator drugs were administered 
either with or without IPPB.“ Many of 
these patients had previously used nebu- 
lizers, with generally inferior benefits. On 
questioning and observation, it became ap- 
parent that many patients had not been using 
a nebulizer efficiently because of failure either 
to receive or to follow proper instructions. 
A frequent practice was to inhale, at various 
intervals, the aerosol generated by several 
squeezes of the hand bulb. However, the 
most commonly used nebulizers deliver very 
small quantities of medication with each 
squeeze, and very little aerosol was actually 
being received. Therefore, it was not sur- 
prising to observe increased benefit when the 
nebulization was continued long enough to 
deliver the total dose. This period of 10 or 
more minutes, with appropriate breathing 
patterns, also permits local dilator effects to 
develop, which facilitate distribution of aero- 
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sol on succeeding inhalations. Some benefit 
is no doubt provided by 5 to 10 inhalations, 
but in our experience with emphysema it is 
much less effective than the administration 
of a larger dose over a period of 10 to 20 
minutes, with or without IPPB. If informa- 
tive comparisons are to be reported between 
IPPB and other techniques, the latter should 
be adequately described, as has not often 
been the case. That IPPB will maintain or 
increase respiratory minute volume in various 
situations where this may be required is not 
In question. 
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on Disabling Emphysema 


FRANK PRINCI, M.D., Cincinnati 


Now that you are all properly confused 
about how to make a diagnosis of emphy- 
sema, it should be no more difficult to decide 
how to treat it. Of course, if emphysema is 
an irreversible phenomenon, by definition, 
there is no point in trying to treat it, because 
it cannot be treated. As a matter of fact, my 
concept of treatment is not the treatment of 
emphysema at all, but the treatment of the 
underlying physiologic phenomena which are 
concomitant with the presence of emphysema, 
whether they produced it or were produced 
by it. 

If we speak of obstructive emphysema, 
therefore, there are broadly two categories— 
a physiologic obstruction and a mechanical 
obstruction. 

The physiologic obstruction is commonly 
called bronchospasm. The mechanical ob- 
struction, with the exception of foreign bodies 
and tumors—the sort of situation which may 
or may not be removable—is usually fluid, 
mucous, or extensive fibrosis with distortion. 

There have been many time-honored meth- 
ods of treatment of emphysema, and they 
depend, of course, not only on the underlying 
physiologic cause but also on the type of 
emphysema which is to be treated. 

Mechanical devices have been used for 
some time, and in some instances they have 
been of some value. For example, abdominal 
belts have been used, as has breathing reedu- 
cation (teaching the patient to breathe with 
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his abdominal muscles). Pneumoperitoneum 
has also been employed. In our experience 
the belt has not been remarkably successful, 
and in the case of the respiratory cripple who 
has had a great deal of airway obstruction 
(particularly in the older age group) none 
of these measures is at all beneficial until 
there has been some relief of the obstruction. 

We have seen imp-ovement with pneumo- 
peritoneum in cases of bullous emphysema, 
but in cases where emphysema has been pro- 
duced by other causes, although the literature 
does report some improvement, we have had 
little success. As a matter of fact, we have 
seen pneumoperitoneum result in the reverse 
of improvement, particularly in cases show- 
ing considerable airway obstruction, what- 
ever its cause. 

The best results with the older age group 
have been in teaching them how to breathe. 
It is not a simple thing to do. Each patient is 
an individual problem. He must be handled 
carefully, and he must be followed carefully. 
The patient forgets what he has been taught 
very quickly unless someone is with him 
constantly. Again, these patients are not re- 
habilitated but are merely made just a little 
bit more comfortable. Subjectively, at least, 
this type of management is helpful. 

Recently, intermittent positive-pressure 
breathing has been used extensively. Inter- 
mittent positive-pressure breathing may or 
may not have a place in the therapy of em- 
physema or in the treatment of bronchospasm 
and bronchiolar edema depending on one’s 
point of view. In our experience, we have 
had good results with bronchial dilators 
alone. We have had good results in a few 
instances with intermittent positive-pressure 
breathing alone. We have had better results 
by using the methods concomitantly. How- 
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ever, again, it depends upon what the diffi- 
culty may be. There are patients with whom 
the treatment does no good whatsoever. 

It is obvious that when we give a patient 
oxygen under pressure, if he is in a condition 
of hypoxia, he will improve ; he will improve 
dramatically and rapidly. That does not 
mean, of course, that the improvement is 
long-continued. The danger of the intermit- 
tent positive-pressure breathing apparatus is 
that the patient becomes dependent upon it. 
The advantage of it is that it requires very 
little supervision. The aerosol may be dis- 
seminated more properly, and it can be used 
with less difficulty. 
little education. 

}ronchial 


The method requires 
dilators have been successful 
where there is bronchospasm, but where ir- 
reversible obstruction exists, they have not 
been successful. We always use a bronchial 
dilator with intermittent positive-pressure 
breathing at the time when we feel it is indi- 
cated, but again we do not use that combina- 
tion indiscriminately. There are many pa- 
tients with whom it is not even attempted. 
We give antibiotics parenterally to reduce 
infection. Our success with antibiotics by 
the aerosol method has not been remarkable ; 
I don’t feel that we get a sufficient concen- 
tration. I am not certain that there is not 
some irritation produced by the use of in- 
haled antibiotics. We have also used wetting 
agents with antibiotics, with bronchial dila- 
tors, and there has been no improvement 
with the wetting agent over and above what 
one obtains without the wetting agent. In 
fact, a recent publication stated that the wet- 
ting agents are actually irritating the tra- 
cheal and bronchial mucosa, 34# it is prob- 
ably not a wise physiologic 
Patients are never sent jiome on antibiotic 
therapy. It is our opiftion that if such ther- 


DISABLING 


EMPHYSEMA 


apy is effective it will be found that the pa- 
tient will respond to high dosages immedi- 
ately. 

The hormones—corticotropin and_corti- 
sone—have been used widely, of course. We 
have had an absolute lack of success with 
them, except in those cases of status asthma- 
ticus where their value is well known, which 
does not need to be elaborated on here. Phys- 
iologically there is no reason to expect that 
the hormones would be of any value, and, 
in fact, they have not proved to be. 

Finally, since emphysema is a chronic dis- 
ease, since it is a disease for which we can 
do very little in absolute terms except to 
relieve some of the symptoms, perhaps we 
can teach the patient to learn to live with 
his disease. 

All our patients are evaluated by a psy- 
chiatrist. Some of these patients have learned 
to live with their disease, and some of them 
have not. This does not mean that psycho- 
genic factors alone are the primary etiologic 
problem. Nor does it signify that we are al- 
ways successful. It depends on how much time 
one has to spend with the patient ; it depends 
on how much assistance one has in develop- 
ing the patient’s interest, and it depends on 
how well the patient’s fears can be allayed, 
because, in general, the patient who has seri- 
ous respiratory difficulty is in fear. There is 
nothing more terrifying to these patients 
than not to be able to get air. They describe 
it in a number of ways, but actually the 
underlying motive is fear, and that can be 
alleviated to a significant extent in many 
cases with proper psychotherapy combined 
with sound physiologic measures to improve 
pulmonary air flow. 


Kettering Laboratory, University of Cincinnati 
College of Medicine. 
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The inhalation toxicity studies at the Uni- 
versity of Rochester have required a method 
whereby atmospheres containing dusts or 
mists of unknown toxicity could be produced 
over long periods of time with the least pos- 
sible variation in both aerosol concentration 
and mean particulate diameter. Test aerosols 
of similar description have also been required 
for aerosol research studies and in testing 
numerous dust-sampling instruments. Re- 
cently a modified aspirator system was de- 
veloped which was found to be well suited 
for production of aerosols either from sus- 
pensions of ground insolubie materials or 
from solutions of soluble compounds. It 
can be operated continuously for periods up 
to six hours, with little variation in the aero- 


sol output. In addition, the concentration of ~ 


the aerosol and its mean particle size have 
been found to be related to the concentration 
of soluble material in the aspirated solution. 
With this relationship it is possible to pre- 
dict aerosol concentration, knowing only the 
concentration of the solution used. 


DESCRIPTION 


The generator operates as a conventional 
aspirator. An air jet, formed by a small 
radial hole drilled near the closed end of a 
Lucite tube, is positioned so that it skims 
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the surface of the solution to be aspirated. 
Since the closed end of the tube is sub- 
merged, surface tension of the solution pulls 
liquid up the sides of the tube and around 
the jet opening. The high velocity air col- 
umn picks up this liquid to form a dense 
mist, a portion of which escapes from the 
container as an aerosol. In this way, the 
aspirator can be operated without the usual 
vertical capillary fr liquid flow. The jet 
can be operated equally well below the solu- 
tion surface, pr4ducing a lower concentration 
of aerosol b/cause of the washing action 
which take:place. 
The afrosol generator is shown in Figure 
1. ItAonsists of two flasks, one of which 
copAins the jet, while the other acts as a 
P a ution reservoir. In operation, solution 
flows from the reservoir through a section 
of capillary tubing and into the bottom of 
the generator. A constant liquid level is 
maintained in this flask by means of the 
overflow tube. From this point, solution is 
pumped back into the reservoir by an air-lift 
pump.. The liquid is continuously recycled 
in this way in order to minimize the gradual 
change in concentration of the solution due 
to water evaporation by the jet air. Data 
showing the increase in concentration of 100 
ml. of a test sodium chloride solution as a 
function of operating time will be presented 
in a later section of this report. 


The jet tube is made from % in. diameter 
Lucite rod to the dimensions shown in Fig- 
ure 2. It is inserted into the top of the flask 
and held rigidly by a tapered collar which 
fits the standard taper of the generator. 
With this arrangement the jet can be re- 
moved and then replaced in exactly the same 
position in the flask. The vertical position 
of the jet in relation to the solution surface 
may be changed by adjusting the position 
of the collar on the jet tube. The jet itself 
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Fig. 1.—Diagram of the aerosol generator. 


is formed by a 0.0135 in. diameter radial hole air jet to become plugged with lint or other 
near the base of the tube. A compressed air particulate material in the air supply. Con- 
supply of 20 pounds per square inch gauge siderable care was devoted, therefore, to 
(p. s. i. g.) is recommended for operation of assembly of an air-cleaning train which 
the jet. would eliminate solid contaminants in the 

Probably the most troublesome feature of jet air. Although various traps and filters 
any aspirator system is the tendency of the were tried, it was not until a molecular filter 
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Fig. 2—Drawing of the jet tube. 
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TaBLeE 1.—Concentration of Aerosol Produced from 


1% NaCl Solution, with Jet at Various 


Distances Above and Below the 
Solution Surface 
Distance of Aerosol 
Jet Above or Concen- 
Below Solution tration,” 
Surface, In. Me. M.* 
Jet above solution +3/16 68 
+1/8 68 
66 
0 68 
Jet submerged 1/16 62 
1/8 27 
3/16 26 


* Calculated as undiluted aerosol produced at a flow rate 
of 2.41 liters per minute. 


in a special holder was inserted in the air 
line that this difficulty was eliminated. The 
system which was finally adopted consisted 
of the following sequence of units: (1) pres- 
sure regulator; (2) glass wool filter; (3) 
humidifier; (4) molecular filter; (5) pres- 
sure gauge, and (6) jet. All connections 
after the molecular filter including the pres- 
sure gauge connection were either glass or 
Tygon tubing. A further precaution against 
introduction of dust or dirt upon dismantling 
the system was the use of a 250 mesh stain- 
less steel screen within the jet tube itself. 
This system has been operated continuously 
for as long as 24 hours without any obstruc- 
tion of the jet opening. 


PERFORMANCE 


DATA 


The first question which came to mind in 
testing the generator was the possibility that 
the exact vertical position of the jet above the 
solution surface might greatly affect the con- 
centration of aerosol produced. A_ similar 
question existed if the jet were completely 
submerged. In order to check this important 
point, a series of samples were taken of the 
aerosol output, varying the jet position from 
3/16 in. below the solution surface to 3/16 
in. above the surface. Test solution was 1% 
sodium chloride in water. The total amount 
of aerosol generated was collected by a 1 in. 
Milliporetype AA filter * sampling at 15 
liters per minute. The results are shown in 

* Trade name 
Watertown, Mass. 
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Table 1 and indicate that the vertical posi- 
tion of the jet is not as critical as expected. 
Within experimental error, the same concen- 
tration of aerosol results with the jet at any 
of the nonsubmerged locations up to 3/16 in. 
above the surface. Some latitude in position 
also exists when the jet is completely sub- 
merged to a depth of either 4 in. or 3/16 in. 


AEROSOL 


CONCENTRATION 

Similar tests have been made to determine 
the uniformity of aerosol production over 
extended operating periods. Three widely 
different concentrations of sodium chloride 
solution were (10.0%, 10%, and 
0.1% ), and at each the jet was tested in two 
positions—(a) 1/32 in. above the solution 
surface and (b>) 3/16 in. below the surface. 
The total output of the generator was col- 
lected with Millipore filter discs, as previous- 
ly described. Sampling periods were either 
1 or 10 minutes, depending upon the con- 
centration level, with individual samples 
every 30 minutes for a total of six hours. 
The sample deposits were dissolved in water 
and analyzed for sodium by the flame photom- 
eter. Aerosol 


used 


concentrations were calcu- 


lated on the basis of the sampling period and 
the measured aerosol flow rate of 2.41 liters 
per minute. These data are shown in Table 2 


TABLE 2.—Concentration of Aerosol Produced from 
10.0%, 1.0%, and 0.1% NaCl Solutions ever a 
Six-Hour Operating Period 


Solution Concentration, % NaCl 
10.0 


1.0 01 
r 


Jet Position Relative to Solution Surface 


Above Below Above Below Above Below 

Time, Min. Aerosol Concentration, Mg./M.* 
0 660 310 61 as 6.8 24 
30 660 2) 61 a4 6.8 2.4 
60 640 2) 61 “4 6.8 2.4 
650 2) 61 68 24 
120 650 250 61 44 6.6 24 
150 670 61 4 
180 640 250 63 4 6.8 24 
210 680 250 63 7 68 2.4 
240 670 200 61 24 6.8 24 
270 650 270 63 7.1 2.4 
300 650 270 66 27 71 2.4 
330 670 ‘ 66 27 7.1 2.4 
360 650 270 66 24 7.1 2.4 
Average 657 260 63.0 25.0 6.9 2.4 
Standard 12 18 2 1 0.2 0.0 


deviation 


= 
3 = 


IMPROVED 


AEROSOL 


GENERATOR 


and graphically illustrated in Figure 3. It 
is apparent not only in the graphs but also 
from the standard deviation values that the 
generator is capable of producing very uni- 
form concentrations of aerosol at all test 
conditions. 

The data also show a linear relationship 
between aerosol concentration and the con- 
centration of the aspirated solution. For 
example, with the jet submerged, the aver- 
age concentrations of aerosol formed from 
solutions of 10.0%, 1.0%, and 0.1% sodium 
chloride were in nearly direct relation to 
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Fig. 3—Concentration of the aerosol produced 
from 10.0%, 1.0%, and 0.1% NaCl solutions over a 
six-hour operating period. 


these values at 260, 25.0, and 2.4 mg/m.®, 
respectively. A similar linearity exists when 
the jet is above the solution surface. 

It may be noticed in several of the test 
series that there is a very gradual increase 
in aerosol concentration over the six-hour 
period. This rise undoubtedly is due to the 
increase in the concentration of sodium chlo- 
ride in solution, resulting from continuous 
evaporation of water by the jet air. Al- 
though this air was previously saturated at 
20 p.s.i.g., upon expansion the relative 
humidity dropped, thereby allowing the air 
to absorb added moisture from the main 


TABLE 3.—Change in Solution Concentration as a 
Result of Water Evaporation by Jet Air* 


Time, Hr. %o Nal 
10.0 
10.1 
10.5 
10.9 


* Total volume of solution, 100 ml. 
solution and mist. This effect was shown 
by samples of solution taken at two-hour 
intervals and analyzed for sodium chloride 
content. \ typical set of data are shown in 
Table 3. 
above solution ; however, the same variation 
has been found with the jet in the submerged 
position. 


In this case the jet was operated 


As an average value, the hourly 
rate of increase in sodium chloride content 
amounts to 1.5% of the initial concentration 
at each of the test concentrations. 

Samples for particle-size determination 
were taken directly from the outlet of the 
aerosol generator using the oscillating ther- 
mal precipitator. The sodium chloride was 
collected on collodion-coated electron-micro- 
scope grids attached to the sampling slides of 
the precipitator. Particle measurements were 
made on the projected image of the negatives 
at an over-all magnification of X 71,000. 
For each sample at least 1000 particles were 
measured to determine the complete size 
distribution. 

The mean sizes of the aerosols produced 
from 10.0%, 1.0% and 0.1% sodium chlo- 
ride solutions with the jet in positions above 
and below the solution surface are shown 
in Table 4. The data are reported in terms of 
the mass-median diameter (MMD) of the 
aerosol and the geometric standard devia- 
tion (o,). The effect of removing the larger 


TasL_e 4.—Particle Size of Aerosol Produced from 
10.0%, 1.0%, and 01% NaCl Solutions 


Jet Above 

Solution Solution 
Concen- Jet Submerged Surface 
tration, — — — 
% MMD, Cg MMD, 

10.0 0.7 2.27 0.9 2.40 

1.0 0.3 2.10 O4 2.22 

01 0.2 2.4 0.2 2.10 
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particles by submerging the jet is apparent 
in both the 10.0% and 1.0% solutions but 
not in the 0.1% solution. In the last case, 
the MMD of the aerosol produced was 0.2y, 
with the jet in either the submerged or the 
nonsubmerged position. Apparently the 
largest particles present in this aerosol were 
so small that they were not removed by the 
scrubbing action. 


SUMMARY 


An aspirator has been designed for pro- 
duction of heterogeneous aerosols either from 
suspensions of ground insoluble materials or 
from solutions of soluble compounds. The 
apparatus consists of an air jet held in a 
position slightly above the surface of the 
solution to be aspirated. Surface tension 
forces solution up the sides of the jet tube 
and around the jet opening. A very dense 
mist is formed. At the highest concentration 
of solution used (10% NaCl), an average 
aerosol concentration of 657 mg/m.° was 
obtained. 

The jet can also be operated submerged, 
producing an aerosol of lower concentration 
and smaller mean particle size than in the 
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unsubmerged position. The system has been 
tested with the jet in both positions, using 
three of 
These tests have 
shown that aerosol concentration is directly 
proportional to the concentration of soluble 
material in the aspirated solution. Mean 
particle size values of the aerosol are also 
dependent upon the solution concentration. 
A tenfold increase in the sodium chloride 
content of the test solution doubled the mass- 


median diameter of the aerosol. 


widely differing concentrations 
sodium chloride solution. 


The generator is capable of uniform aero- 
sol production. In tests covering a six-hour 
period, individual determinations showed 
aerosol concentrations which varied less than 
+ 10% from the mean of the entire period. 


If special precautions are taken in cleaning 
the air supply to the jet, plugging or re- 
striction of the jet opening by dirt and lint 
can be completely eliminated. 


Suggestions were offered by Prof. Harold C. 
Hodge in the preparation of this report, and the 
report was critically examined by Dr. Charles J. 
Spieg] and Dr. J. Newell Stannard. Dr. Michael 
L. Watson assisted with the electron-micrograph 
studies. 
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Because of increasing industrial applica- 
tion of a new synthetic ceramic fibrous mate- 
rial, the present investigation was designed 
to evaluate the potential hazard of this fiber 
dust as a pulmonary irritant. 

The ceramic fibrous material ( Fiberfrax) 
is a white cotton-like mass of fine mineral 
fibers, O.lp to 10 in diameter and 2.5y 
to 25 mm. in length. It is made by a process 
resembling the one by which rock wool is 
made, except that its melting point is so high 
that an electric are furnace is required. 
Petrographically it is a glass containing only 
traces of mullite crystals. (Mullite is a 
crystalline structure containing 72% of 
and 28% of SiOQs.) Chemically it 
consists of approximately equal portions of 
alumina and silica, with minor additions of 
boric oxide or zirconia totaling less than 2%. 


METHOD 


Two kinds of fiber dust were produced. One con- 

4 sisted of relatively long fibers, and the other of very 
fine particles. The coarser dust was prepared by 
comminution in a rotary cutter followed by repeated 

settling in absolute alcohol. After evaporation of 

the alcohol, the dust was resuspended in water to 

give concentrations of 75 mg. per milliliter. The 
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The Effects of a Synthetic 
Fle upon the olungs of Kats 


fibrous nature of this material made it extremely 
difficult to obtain a suitable preparation for de- 
termining distribution. A wet preparation 
showed wide variations in dimensions and shapes of 
the fibers. 


size 


In order to obtain dust with an average particle 
size substantially below 14, an aqueous suspension 
of the coarse dust was forced through a high- 
velocity jet and made to impinge under great pres- 
sure upon a tungsten carbide baffle. The resultant 
aerosol was heat-dried, and the dust particles were 
collected by electrostatic precipitation. The precipi- 
tator washings were standardized for intratracheal 
injections. 

For the purpose of controls, a very fine and a 
medium-sized dust were prepared from each of the 
following—quartz, and limestone. The 
mean particle size of the coarser dusts was 0.74 to 
0.84, with standard deviations of +1.3 to +1.5. 


feldspar, 


The mean particle size of the finer dusts and their 
standard deviations are given in Table 1. The 
size distribution was determined by electron micro- 
scopy. Average diameters were measured at magni- 
fications of 12,000 and 62,000. 

The coarser fiber dust proved difficult to inject 
as an aqueous suspension because of matting and 
consequent plugging of needle and syringe. Suspen- 
sion of the material in Mazola corn oil largely 
obviated the matting and plugging effect. 

Young male rats were injected intratracheally 
under light ether anesthesia with the various dusts 
according to the schedules listed in Tables 2 and 3. 
Because of an unexpectedly high mortality rate 
incident to the injection of the finer dusts (except 
limestone), the injecting dose had to be greatly 
reduced—as much as one twenty-fifth of the dose 


Taste 1.—Particle Size of Finer Dusts Used for 
Intratracheal Injections 


Standard 

Material Mean,“ Deviation 
0.08 +6.0 


| 

16) 


of the coarser dust. Therefore, as many as five intra- 
tracheal injections were given at weekly intervals. 

Attempts were made to obtain representative 
samples of these groups at spaced intervals, but be- 
cause of spontaneous deaths occurring at various 
times, relatively few deliberate killings were made. 
Instead, the spontaneous deaths were used to study 
the progress of the changes due to the injected 
dust. 

Groups of three rats were killed from each of 
the series injected with the coarser dusts at two 
and six months, unless there had been spontaneous 
deaths within this period. The survivors were killed 
at 12 months. Because pathologic changes appeared 
late and were slow in development in animals in- 
jected with the finer dusts, these were held up to 
17% months before terminating the experiment. 

All animals killed and most of those that died 
spontaneous deaths were autopsied. The lungs were 
inflated with formalin, and sections were taken 
irom liver, spleen, and kidneys. There were a few 
exceptions, i. e., rats which had been cannibalized. 

Blocks of lung were embedded in paraffin, and 
sections from these were stained by the following 
techniques: hematoxylin and eosin; Gordon and 
Sweet method reticulin; van Gieson, and 
aminosalicylic (PAS) with aniline blue 
counterstain. Some of the hematoxylin and eosin 
sections containing significant pathologic changes 
were carefully marked and photographed. Follow- 
ing incineration at 600 C and washing with con- 
centrated hydrochloric acid, the previously marked 
areas were rephotographed. 


for 
acid 


RESULTS 
Gross OBSERVATIONS 
Coarser Dusts—The incidence of spon- 
taneous deaths is given in Table 2. The 
deaths were generally caused by spontane- 
ous pneumonias, with or without associated 
empyemas, pericarditis, and mediastinitis. 


Fig. 1.—Dried smear of “coarse” fiber dust, 
showing several of the rounded particles which are 
apparently more numerous in the lung tissue. x 180. 
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Tas_e 2.—Schedule of Intratracheal Injections of 
Coarser Dusts and Incidence of Spontaneous 


Deaths 
Spon 
Amount taneous 
Rats, Injeeted, Deaths, 
Material No. Mg. No. 
Ceramie fiber.............00 19 13 
12 75 6 
13 40 6 
16 75 9 
Mu 40 10 
Corn oil with water, 1:1..... 5 1 ml 2 


Rats injected with quartz dust had nodular 
pulmonary involvement at two months. At 
six months the pulmonary lesions were hard, 
white, and almost cartilaginous and involved 
25% to 50% of some of the lobes. Animals 
injected with feldspar dust were much less 
severely involved. The pulmonary lymph 
nodes of both series were greatly enlarged, 
dark gray, and hard. The cut surfaces were 
gritty. 

Neither the fiber-dust-injected rats nor 
those injected with limestone showed gross 
pulmonary changes other than those due to 
spontaneous disease. The lymph nodes were 
small but were discolored with black pig- 
ment. 

Finer Dusts.— As indicated in Table 3, the 
injections of all dusts except that of lime- 
stone were highly lethal. Survivals were 
obtained only by sharply reducing the inject- 
ing dose. These deaths were exceedingly 
prompt and were associated with a fulminat- 
ing pulmonary edema which was at times 
hemorrhagic. Animals which died 24 to 48 
hours later had bilateral pneumonia of an 
exceedingly “wet” type. Later spontaneous 
deaths were caused by the incidental broncho- 
pneumonias similar to those in the preceding 
series. 

None of the rats injected with either fiber 
dust or limestone had gross pulmonary 
changes attributable to the injected materials. 
Although the pulmonary lymph nodes were 
pigmented dark gray, they were not enlarged. 

Quartz-injected animals had small, pin- 
head-sized, subpleural and parenchymatous 
pulmonary nodules which were relatively few 
and widely scattered. These were question- 


able or minimal at six months and definite 
at the end of a year. The lymph nodes were 
greatly enlarged, dark gray, hard, and gritty 
at the end of one year. 

Rats injected with fine feldspar had no 
significant lesion grossly until after about 
one year when occasional small, gray, pin- 
head-sized, pleural foci were demonstrable. 
The pulmonary lymph nodes were enlarged, 
dark gray, firm, but not particularly gritty 
or hard. 


TasL_e 3.—Schedule of Intratracheal Injections of 
Finer Dusts and Incidence of Spontaneous 


Deaths 
Total Spon 
Amount Injee- taneous 
Rats, Injected, tions, Deaths, 
Material No. Mg. No No 
Ceramie fiber 4 72.0 1 
1 37.7 1 
2 13.4 1 2 
1 6.7 1 Oe 
2 3.3 1 27 
1 646 2 
1 99 3 
13 13.2 4 3% 
Quartz 2 23.0 1 3 
2 11S 1 
7 5.74 1 5* and 2+ 
8 2.88 1 2* and 6+ 
5 11.5 4 2% 
1 4.3 2 13 
2 2.9 2 2t 
3 8.6 4 3% 
13 8.6 1* and 9} 
Fekispar 3 73.1 1 
2 36.8 1 2" 
4 18.4 
16 9.2 1 7* andgt 
13 36.8 4 8t 
Limestone 12 70.7 1 83 
Immediate death. 
+ Delayed death (24 to 48 hours). 
: Death from intercurrent disease months later 
Gross examination of other organs 
throughout this investigation contributed 


no significant observation, 


Microscopic FInpincs 

Coarse Fiber Dust—The coarse dust is 
represented by fairly large, glass-like fibers 
and even thicker, pyriform, transparent, 
glassy masses which have frequently torn 
the sections as they were being displaced 


by the moving microtome knife. The coarse 


Fig. 2.—‘Fine” fiber dust (electron micrograph). 


Average particle size is 0.044. ~« 26,400. 


material one year after the injection is gen- 
erally associated with minimal local tissue 
reaction, particularly around or near respira- 
tory bronchioles where the fiber dust particles 
tend to become lodged. Here a well-delimited, 
thin, fibrous tissue capsule surrounds the 
glassy material. This tissue is moderately 
cellular and contains scattered lymphocytes 
as well as adult tissue cells. 
Generally there is little or no distortion of 


connective 


the structures adjacent to the fibrous re- 
action tissue involving the bronchioles. Nor 
is there demonstrable narrowing of the 
bronchiolar lumen. 

areas of manifest 
reaction to the presence of the coarse fiber 


In addition to these 
dust particles, there are scattered, smaller, 
and less obvious foci of relatively acellular 
and bland fibrous thickening of atrial and 
alveolar walls. Such interstitial fibrosis, as 
bland, scattered, and minimal as it is, never- 
theless is associated in about one-fourth of 


Fig. 3.—Focal scars of moderate cellular char- 
acter related to “coarse” fiber dust particles, many 
of which have been displaced by the microtome 
knife. Most of the particles are fiber-like, but some 
are pyriform. Animal R 1885 died two weeks after 
an intratracheal injection of 50 mg. of “coarse” 
fiber dust. Hematoxylin and eosin stain; x 162. 
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the animals with noticeable distortion of the 
alveolar pattern. There is incomplete expan- 
sion of some air spaces and overdistention 
of others. The incomplete expansion is pre- 
sumably caused by the stiffening and rigidity 
of alveolar and atrial walls. In most animals 
this distortion is slight or absent. In a few 
animals there is slight to moderate col- 
lagenous thickening of an interlobular sep- 
tum. Here also the cellularity of the fibrous 
tissue is not excessive. 


A common finding in most, but not all, 
animals is the presence of a few scattered 
foci of alveolar macrophages which contain 
fine, dark-brown-to-black pigment granules. 
Similarly, a few scattered macrophages con- 
taining similar pigment granules can be 
found in the tracheobronchial lymph nodes. 
These exhibit otherwise no reaction attribut- 
able to the fiber dust. There is no fibrous 
tissue or reticulin proliferation. 

About 30% of the rats have acute or 
chronic inflammations of the lungs caused 
by spontaneous infections. These cannot be 
related to the presence of fiber dust. 

Fine Fiber Dust.—This material appears 
to be so finely divided that its character is 
nondescript in the routine hematoxylin and 
eosin sections. Some of the fiber dust locali- 
zation is indicated by dark-brown-to-black 
pigment granules within alveolar macro- 
phages which are present in all animals of 
this series. In most of these rats and cer- 
tainly in all that died after six months fol- 
lowing the injection, there is minimal focal 


Fig. 4.—Multiple small linear scars, with focal 
distortion of alveolar pattern in Animal R 1568, 
killed 14 months following intratracheal injection of 
13 mg. of “fine” fiber dust. Hematoxylin and eosin 
stain; X 65. 
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collagenous thickening of alveolar and atrial 
walls, with alsé an occasional larger area 
of fibrosis in several rats. 

Apparently because of interference in 
function by the stiffened, collagenized alve- 
olar walls, there is partial atelectasis of some 
alveoli and overdistension of other air spaces. 
This has resulted in a disturbance, relatively 
slight in degree, of the cross sectional pat- 
tern of the lung. 

In addition to the minimal collagenous 
changes, there are scattered, small, peri- 
vascular and peribronchial foci of slight 
lymphocytic infiltration. 

The tracheobronchial nodes show no re- 
action attributable to the ceramic fiber dust 
other than the presence of a few macrophages 
which contain fine, dark-brown-to-black pig- 
ment granules. There is no fibrosis or in- 
creased reticulin. 

Other findings in the lungs of these ani- 
mals are incidental and manifestly of in- 
fectious character. These include the pres- 
ence of acute bronchopneumonia, bronchi- 
ectasis, chronic bronchitis, and atelectasis. 

Quartz.— The microscopic findings in 
these animals are characteristic of experi- 
mental silicosis. Rats injected with the ex- 
tremely fine dust are anomalous in that the 
development of the silicotic nodules is greatly 
retarded and there is, in addition, an increas- 
ing trend toward diffuse interstitial fibrosis. 
The dust associated with the 
more typical, extensive, nodular collageniza- 
tion of the pulmonary tissue which tends to 
be confluent, particularly with the larger 
dosage. The lymph nodes generally are ex- 
tensively collagenized. The collagen is dense 
and frequently acellular. The normal archi- 
tecture is thereby greatly disturbed. 


1s 


coarser 


Feldspar—There are scattered foci of 
dust-filled macrophages surrounded by a 
pronounced lymphocytic mantle. Such foci 
are generally interstitial, but a few seem to 
be centered in an alveolus. While such foci 
are associated wtih a considerable increase 
in reticulin fibers, little or no collagen de- 
velops in these foci. As in the case with the 
fine quartz dust, the lesions are tardy in ap- 
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pearance and in development in those ani- 
mals injected with the fine dust. However, 
although less abundant (smaller dosage!) 
and therefore more widely separated, the 
lesions are very similar to those produced 
by the coarse feldspar dust. The sections of 
the pulmonary lymph nodes contain col- 
lections of crowded macrophages which have 
displaced or replaced the normal lymphoid 
tissue. The reticulin is increased in such 
nodes. Increase in collagen is seen focally to 
a very slight degree only in a few of the 
rats which received the greater dose of the 
“coarse” feldspar dust. 

Limestone.—The sections of the lungs are 
normal except for certain minor changes. 
These consist of scattered small collections 
of alveolar macrophages filled with black 
pigment and occasional linear scars similar 
to those seen in the sections of lungs from 
animals injected with fiber dust. Such scars 
are associated with focal atelectasis 
and emphysema. The lymph nodes also con- 
tain collections of anthracotic macrophages, 


also 


without increase in reticulin or collagen. 

Corn Oil Control—The Mazola corn oil 
control rats show no significant pulmonary 
lesions. An occasional small collection of 
alveolar macrophages, some containing dark- 
brown pigment, is found. 


INCINERATION STUDIES 

There was surprisingly little acid-insoluble 
ash in the lung tissue from fiber-dust-injected 
animals. Lungs from animals injected with 
the coarser dust contained occasional long 
fibers and pyriform glass bodies. There was 
no increase in acid-insoluble ash in the 
areas of scarring and distortion. The tracheo- 
bronchial lymph nodes of the rats injected 
with fine fiber dust, on the other hand, con- 
tained considerable amounts of acid-insoluble 
ash in intracellular as well as extracellular 
positions. 

COMMENT 


The ceramic fiber dust introduced into 


the lungs as aqueous suspensions produced 
no lesions comparable with those of either 
silica or feldspar, even though the dosage 
was comparable with the latter two. This 


Fig. 5.—Scarring and distortion of alveolar pat- 
tern in Animal R 1550, which was injected intra- 
tracheally with 71 mg. of limestone dust and died 
of spontaneous disease 17 months later. The lesion 
is indistinguishable from that of the fiber-dust- 


injected animals. Hematoxylin and eosin stain; 


72. 

would indicate a potential pathogenicity con- 
siderably less than that of even feldspar. 
As a matter of fact, the lesions produced 
by fiber dust do not appear to be of greater 
severity than those produced by limestone 
dust, generally considered inert and harm- 
less. 

Nevertheless, these experiments with fiber 
dust produced focal pulmonary scars, mini- 
mal in extent and widely separated by normal 
intervening lung tissue. Such scars were 
associated with localized distortion of the 
architectural pattern consisting of partial 
atelectasis and focal emphysema. These scars 
were of two types. One was essentially the 
result of a foreign-body reaction in response 
to the coarser fiber dust particles which often 
exceed 10u in diameter. The thin strands of 
collagenous fibers encircled the foreign mate- 
rial and thereby thickened the bronchiolar 
or atrial wall in which the 
frequently lodged. 


material was 


The second type of scar was more wide- 
spread, bland, and not associated with 
foreign material. It is this second type of 
scar which was apparently responsible for 
the distortion in architectural pattern. The 
absence of acid-insoluble ash (silica or 
silicates) from the region of the scars raises 
considerable doubt regarding their specificity. 
The fact that such scars, with disturbance 
in pattern, may also be found occasionally 
in rats injected intratracheally with lime- 
stone confirms this lack of specificity. 
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the animals with noticeable distortion of the 
alveolar pattern. There is incomplete expan- 
sion of some air spaces and overdistention 
of others. The incomplete expansion is pre- 
sumably caused by the stiffening and rigidity 
of alveolar and atrial walls. In most animals 
this distortion is slight or absent. In a few 
animals there is slight to moderate col- 
lagenous thickening of an interlobular sep- 
tum. Here also the cellularity of the fibrous 
tissue is not excessive. 


A common finding in most, but not all, 
animals is the presence of a few scattered 
foci of alveolar macrophages which contain 
fine, dark-brown-to-black pigment granules. 
Similarly, a few scattered macrophages con- 
taining similar pigment granules can be 
found in the tracheobronchial lymph nodes. 
These exhibit otherwise no reaction attribut- 
able to the fiber dust. There is no fibrous 
tissue or reticulin proliferation. 


About 30% of the rats have acute or 
chronic inflammations of the lungs caused 
by spontaneous infections. These cannot be 
related to the presence of fiber dust. 

Fine Fiber Dust.—This material appears 
to be so finely divided that its character is 
nondescript in the routine hematoxylin and 
eosin sections. Some of the fiber dust locali- 
zation is indicated by dark-brown-to-black 
pigment granules within alveolar macro- 
phages which are present in all animals of 
this series. In most of these rats and cer- 
tainly in all that died after six months fol- 
lowing the injection, there is minimal focal 


Fig. 4.—Multiple small linear scars, with focal 
distortion of alveolar pattern in Animal R 1568, 
killed 14 months following intratracheal injection of 
13 mg. of “fine” fiber dust. Hematoxylin and eosin 
stain; x 65. 
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collagenous thickening of alveolar and atrial 
walls, with also an occasional larger area 
of fibrosis in several rats. 

Apparently because of interference in 
function by the stiffened, collagenized alve- 
olar walls, there is partial atelectasis of some 
alveoli and overdistension of other air spaces. 
This has resulted in a disturbance, relatively 
slight in degree, of the cross sectional pat- 
tern of the lung. 


In addition to the minimal collagenous 


changes, there are scattered, small, peri- 
vascular and peribronchial foci of slight 


lymphocytic infiltration. 

The tracheobronchial nodes show no re- 
action attributable to the ceramic fiber dust 
other than the presence of a few macrophages 
which contain fine, dark-brown-to-black pig- 
ment granules. There is no fibrosis or in- 
creased reticulin. 

Other findings in the lungs of these ani- 
mals are incidental and manifestly of in- 
fectious character. These include the pres- 
ence of acute bronchopneumonia, bronchi- 
ectasis, chronic bronchitis, and atelectasis. 

Quartz.— The microscopic findings in 
these animals are characteristic of experi- 
mental silicosis. Rats injected with the ex- 
tremely fine dust are anomalous in that the 
development of the silicotic nodules is greatly 
retarded and there is, in addition, an increas- 
ing trend toward diffuse interstitial fibrosis. 
The coarser associated with the 
more typical, extensive, nodular collageniza- 
tion of the pulmonary tissue which tends to 
be confluent, particularly with the larger 
The lymph nodes generally are ex- 
tensively collagenized. The collagen is dense 
and frequently acellular. The normal archi- 
tecture is thereby greatly disturbed. 


dust is 


dosage. 


Feldspar.—There are scattered foci of 
dust-filled macrophages surrounded by a 
pronounced lymphocytic mantle. Such foci 
are generally interstitial, but a few seem to 
be centered in an alveolus. While such foci 
are associated wtih a considerable increase 
in reticulin fibers, little or no collagen de- 
velops in these foci. As in the case with the 
fine quartz dust, the lesions are tardy in ap- 


pearance and in development in those ani- 
mals injected with the fine dust. However, 
although less abundant (smaller dosage!) 
and therefore more widely separated, the 
lesions are very similar to those produced 
by the coarse feldspar dust. The sections of 
the pulmonary lymph nodes contain col- 
lections of crowded macrophages which have 
displaced or replaced the normal lymphoid 
tissue. The reticulin is increased in such 
nodes. Increase in collagen is seen focally to 
a very slight degree only in a few of the 
rats which received the greater dose of the 
“coarse” feldspar dust. 

Limestone.—The sections of the lungs are 
normal except for certain minor changes. 
These consist of scattered small collections 
of alveolar macrophages filled with black 
pigment and occasional linear scars similar 
to those seen in the sections of lungs from 
animals injected with fiber dust. Such scars 
are also associated with focal atelectasis 
and emphysema. The lymph nodes also con- 
tain collections of anthracotic macrophages, 
without increase in reticulin or collagen. 

Corn Oil Control—The Mazola corn oil 
control rats show no significant pulmonary 
lesions. An occasional small collection of 
alveolar macrophages, some containing dark- 
brown pigment, is found. 


INCINERATION STUDIES 

There was surprisingly little acid-insoluble 
ash in the lung tissue from fiber-dust-injected 
animals. Lungs from animals injected with 
the coarser dust contained occasional long 
fibers and pyriform glass bodies. There was 
no increase in acid-insoluble ash in the 
areas of scarring and distortion. The tracheo- 
bronchial lymph nodes of the rats injected 
with fine fiber dust, on the other hand, con- 
tained considerable amounts of acid-insoluble 
ash in intracellular as well as extracellular 
positions. 

COMMENT 

The ceramic fiber dust introduced into 
the lungs as aqueous suspensions produced 
no lesions comparable with those of either 
silica or feldspar, even though the dosage 
was comparable with the latter two. This 


Fig. 5.—Scarring and distortion of alveolar pat- 
tern in Animal R 1550, which was injected intra- 
tracheally with 71 mg. of limestone dust and died 
of spontaneous disease 17 months later. The lesion 
is indistinguishable from that of the fiber-dust- 
injected animals. Hematoxylin and eosin stain; 
x 72. 
would indicate a potential pathogenicity con- 
siderably less than that of even feldspar. 
As a matter of fact, the lesions produced 
by fiber dust do not appear to be of greater 
severity than those produced by limestone 
dust, generally considered inert and harm- 
less. 

Nevertheless, these experiments with fiber 
dust produced focal pulmonary scars, mini- 
mal in extent and widely separated by normal 
intervening lung tissue. Such scars were 
associated with localized distortion of the 
architectural pattern consisting of partial 
atelectasis and focal emphysema. These scars 
were of two types. One was essentially the 
result of a foreign-body reaction in response 
to the coarser fiber dust particles which often 
exceed 10u in diameter. The thin strands of 
collagenous fibers encircled the foreign mate- 
rial and thereby thickened the bronchiolar 
or atrial wall in which 
frequently lodged. 


the material was 


The second type of scar was more wide- 
spread, bland, and not associated with 
foreign material. It is this second type of 
scar which was apparently responsible for 
the distortion in architectural pattern. The 
absence of acid-insoluble ash (silica or 
silicates) from the region of the scars raises 
considerable doubt regarding their specificity. 
The fact that such scars, with disturbance 
in pattern, may also be found occasionally 
in rats injected intratracheally with lime- 
stone confirms this lack of specificity. 
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The apparently nonspecific scars probably 
represent the residue of the pneumonia 
caused whenever finely divided foreign ma- 
terial is injected into the lungs. Thus, it 
appears probable that the scars and the 
associated disturbance of architectural pat- 
tern of the lung, which are seen in animals 
injected with fiber dust, are the result of 
artefact incident to the experimental method. 
In order to establish this probability as a 
certainty, it will be necessary to demonstrate 
that such lesions do not develop when the 
animals inhale the same dust (inhalation- 
chamber technique ). 

The black pigment, apparently carbon, 
within macrophages and 
tracheobronchial lymph nodes is probably a 
contaminant of the fiber dust, but at the 
same time it is a component of the material 
as it was received. It is a biologically inert 


found alveolar 


and quantitatively a relatively insignificant 
component. In the lymph nodes the pigment 
serves as a convenient marker for the fiber 
dust located within the same macrophages. 
In addition to the intracellular position, the 
fine fiber dust is also found widely distributed 
in extracellular position in the lymph nodes. 
It is of great significance that the presence 
of this dust cannot be suspected from the 
appearance of the lymph nodal tissue in 
stained sections. This is a good indication 
of the fundamental inertness of fine fiber 
dust, since it causes no demonstrable tissue 
reaction in the lymphoid tissue. 

Judging from the paucity of fiber dust 
demonstrable in the ash of the lung one 
year after an injection, it would seem that 
the fibers are effectively removed from the 
lung by its clearance mechanism, leaving 
only a few entrapped fibers and somewhat 
more numerous rounded or pyriform frag- 
ments, The latter are found relatively in- 
frequently in smears of the coarser dust in 
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spite of their greater abundance in the sec- 
tions. It is probable that, the fibers being 
removed via the bronchi relatively quickly, 
the rounded fragments are left behind in 
misleadingly larger numbers. 


No significance can be attributed to the 
differences in mortality rates among the vari- 
ous experimental groups. The causes of 
death were those commonly encountered in 
aging rats. 

CONCLUSIONS 

The effect of the alumina-silica glass fiber 
dust upon pulmonary tissue is considerably 
less than that produced by feldspar and 
more closely resembled that produced by 
limestone dust. The latter dust is generally 
considered inert and harmless as far as the 
production of pulmonary disease is con- 
cerned. Additional indications of the inert- 
ness of this ceramic fiber dust are found 
in the absence of tissue changes in the 
lymph nodes which contain considerable 
amounts of fiber dust and in the rather 
minimal foreign-body response in the lung 
tissue to the coarser fiber dust particles. 

The presence of focal scarring, with re- 
sulting distortion of the alveolar pattern con- 
sisting of focal atelectasis and emphysema, 
appeared at first glance to be a disturbing 
pathological change. Because similar _find- 
ings have also been noted in animals injected 
with dusts known to be harmless, such as 
limestone, these changes are considered non- 
specific. It is deemed probable that such 
scars are the residua of the pneumonia 
which is invariably produced when suspended 
foreign material is injected into the lung. 

Incineration studies demonstrated that 
the lungs were capable of clearing themselves 
surprisingly well of the injected “coarse” 
dust from the ceramic fiber. Apparently the 
clearing was via the tracheobronchial tree. 
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Medical Profession and 


the Mississippi Compensation 


SAM S. ALLRED, Jackson, Miss. 


The Mississippi Workmen’s Compensation 
Law was enacted during the regular session 
of the 1948 Legislature and became effective 
Jan. 1, 1949. Thus, Mississippi became the 
last state in the Union to enact a workmen’s 
compensation law. By being the last to enact 
such a law, it is believed that we were able 
to profit by the experiences of other states 
which earlier passed workmen's compensation 
laws. Therefore, the Mississippi law has been 
hailed by many as one of the best in the 
nation. 

The act is designed to afford protection 
to the employer and to the employee. The 
law is applicable to all employers, including 
persons, firms, private corporations, and 
public service corporations, that have in 
service eight or more employees regularly 
employed in the same business or under any 
contract of hire, express or implied; but it 
does not apply to nonprofit, charitable, fra- 
ternal, cultural, or religious corporations or 
associations. All state agencies, counties, and 
municipalities are exempt from the provisions 
of the act. However, they may elect to come 
within its provisions and may charge 25% 
of the premiums to the state employees and 
the remaining 75% of the cost to any appro- 
priation or funds available to such state 
agency or political subdivision thereof. 

Domestic 


farmers, and farm 
laborers are also exempt, but they too may 
elect to be covered. 


servants, 


Recorded for publication Aug. 9, 1955. 
Commissioner, Mississippi Workmen’s Compen- 
sation Commission. 


The liability of an employer in Mississippi 
to pay workmen’s compensation is exclu- 
sive under the Mississippi act and takes the 
place of all other liability of the employer 
to his employee, or to his legal representa- 
tive who would be entitled to recover dam- 
ages at common law, or otherwise, from such 
employer on account of an injury or death 
arising out of and in the course of employ- 
ment. If the employer fails to secure cov- 
erage for his employees and thus fails to pay 
compensation as required by the act, an 
injured employee who is injured in an ac- 
cidental injury arising out of and in the 
course of his employment, or his legal repre- 
sentative in death, may elect to 
pursue his claim under the workmen’s com- 
pensation law or to maintain an action at 


case of 


law for damages on account of injury or 
death. If the injured employee elects to sue 
his employer at common law, and if such 
employer has failed to secure compensation 
coverage in accordance with the law, the 
said employer “may not plead as a defense 
that the injury was caused by the negligence 
of a fellow servant, nor that the employee 
assumed the risk of his employment, nor 
that the injury was due to the contributory 
negligence of the employee.” 

Therefore, employers in Mississippi are 
‘ager to secure coverage with a qualified 
compensation carrier or qualify 2s a self- 
insurer as provided by law. 

The Mississippi law has the usual waiting 
period before compensation payments are 
begun. The first 5 days of disability are not 
compensable, except medical benefits, unless 
injury results in disability of 14 days or 
more; then compensation is paid from the 
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date of the accident. Compensation is paid at 
the rate of 66.66% of the employee’s aver- 
age weekly wage, with a minimum of $10 
per week and a maximum of $25 per week, 
and up to 450 weeks of permanent partial 
disability and $8,600 for permanent total 
disability or death benefits, and in death 
cases a $100 widow’s fund and up to $350 
funeral expenses. Fortunately for the em- 
ployee and the medical profession in general, 
medical and hospital expenses are unlimited 
in Mississippi. 

The law provides that “the employer 
shall furnish such medical, surgical, and 
other attendance or treatment, nurse, and 
hospital service, medicine, crutches, artificial 
members, and other apparatus, for such 
period as the nature of the injury or the 
process of recovery may require” and that, 
if the employer fails or refuses to provide 
medical expenses, the injured employee may 
secure treatment at the expense of the em- 
ployer, the employee being entitled to recover 
any amount expended by him for treatment 
in emergency cases ; however, except in emer- 
gency cases the injured employee is required 
to request the employer to furnish medical 
treatment. 

When an employee is injured at his place 
of employment in an accidental injury arising 
out of and in the course of his employment, 
he is immediately furnished medical aid, and 
if the injury is severe enough to so warrant, 
he is carried to a physician of the employer’s 
choosing, where the injured employee re- 
ceives competent medical treatment. The 
employer immediately notifies his insurance 
carrier of the injury by filing prescribed 
forms, and, in turn, the compensation carrier 
furnishes a copy of such form to the Mis- 
sissippi Workmen’s Compensation Commis- 
sion, where a permanent file is set up. The 
physician is provided with medical reports 
which he executes after treating the injured 
employee, and such medical reports are made 
available to the employee, to his employer, 
and to the Mississippi Workmen’s Com- 
pensation Commission. It is necessary for 
the compensation carrier and the Commis- 
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sion to be kept informed as to the progress 
the injured employee makes in the way of 
recovery from the injury, so that the amount 
of compensation to which the injured em- 
ployee is entitled can be determined. 

The Mississippi Workmen's Compensa- 
tion Commission has the authority to suspend 
the payment of compensation if “the em- 
ployee unreasonably refuses to submit to 
medical or surgical treatment,’ and such 
suspension of compensation is legal during 
such time as the employee’s refusal con- 
tinues. The Commission also has a right 
to designate a physician to examine an in- 
jured employee if “in the opinion of the 
Commission a physician has not correctly 
estimated the degree of permanent disability 
or the extent of temporary disability of an 
injured employee,” and the cost of such 
examination is charged to the employer 
if he be a self-insurer or to his insurance 
carrier, as the case may be. Medical and 
hospital treatment is unlimited under the 
Workmen’s Compensation Law; however, 
“all fees and other charges for such treat- 
ment or services shall be limited to such 
charges as prevailed in the same community 
for similar treatment of injured persons of 
like standard of living and shall be subject 
to regulation by the Commission, provided, 
however, no medica! bill shall be paid to any 
doctor until all forms required by the Com- 
mission have been filed.” “An injured 
worker who believes that his best interest 
has been prejudiced by the findings of the 
physician designated by the employer or 
carrier shall have the privilege of a medi- 
cal examination by a physician of his own 
choosing, at the expense of the carrier or 
employer. Such examination may be had 
at any time after injury and prior to the 
closing of the case; provided, however, that 
the charge shall not exceed one hundred 
dollars, and shall be paid by the carrier or 
employer where the previous medical find- 
ings are upset, but paid by the employee 
if previous medical findings are confirmed.” 
“Medical treatment as provided in the Mis- 
sissippi Workmen’s Compensation Law is not 
privileged if used in carrying out the pro- 
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visions of the act. All findings of a physi- 
cian, whether his examination be at the 
instance of the employer, carrier or by 
order of the Workmen’s Compensation Com- 
mission, shall be reported on Commission 
forms and copies made available to both the 
employer and the employee.” 

In the past the various insurance carriers 
and the Commission have had considerable 
difficulty in securing medical reports from 
a few physicians throughout the state. The 
Commission brought their problem to the 
attention of the Mississippi Medical Asso- 
ciation, and the Industrial Committee of the 
said Association was reactivated and Dr. 
George H. Martin, of Vicksburg, was made 
Chairman of the Committee. Such Com- 
mittee has been cooperating with the Mis- 
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sissippi Claims Men’s Association and the 
State Workmen’s Compensation Commission, 
and physicians are now informed as to the 
need for filing medical reports promptly. 
At the present time very few companies 
are experiencing difficulty in receiving medi- 
cal reports when requested. 

The yearly report of the Mississippi Work- 
men’s Compensation Commission, made to 
the Governor and the Legislature, has in- 
dicated that total payments made on all in- 
juries reported to the Commission since Jan. 
1, 1949, through Dec. 31, 1954, amounted to 
$18,456,829.12. Of this amount, $7,063,170.58 
was for medical services. Therefore, 38% 
of Mississippi's compensation loss is paid 
for medical services. 


P. O. Box 651. 


News and Comment 


ANNOUNCEMENTS 


Association of Industrial Medical Officers.—A special Anniversary Meeting celebrating 
the founding of the Association of Industrial Medical Officers, on Sept. 27, 1935, will be held 
in London, Sept. 24-28, 1956. All scientific sessions (except the Mackenzie Memorial Lecture) 
will be held at the London School of Hygiene and Tropical Medicine, Keppel Street, W. C. 1., 
the venue of the first meeting of the Association. 


Inquiries about the Anniversary Meeting should be addressed to Dr. P. A. B. Raffle, Chair- 


man, Anniversary Meeting Committee, A. I. M. O., Griffith House, 280, Marylebone Road, 


London N. W. 1. 
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H. CEMBER, M.S. 

T. F. HATCH, M.S. 

J. A. WATSON, MS. 

T. GRUCCI, MS 

and 

P. BELL, M.S., Pittsburgh 


INTRODUCTION 


The evaluation of the hazard from particu- 
late radioactive contamination requires a 
knowledge of the retention of the dusts in 
the lung as well as of the more obvious 
radiological, chemical, and physical properties 
of the particles. In a previous experiment 
to determine the pulmonary effects from 
inhaled radioactive barium sulfate particles,’ 
it was observed that a minimal amount of 
damage was produced and that the particles 
were eliminated at an extremely rapid rate. 
The absence of significant lung damage was 
attributed partly to the highly efficient pul- 
monary clearance mechanisms. 

A search of the literature revealed that 
insoluble particles are usually retained in the 
deep respiratory tract for long periods of 
time. Although no precise retention data for 
silica particles were found, these particles are 
known to persist in the lungs. Hatch,’ in 
studying the lung retention of quartz dust, 
found that quartz particles less than 0.5 in 
size are retained long enough to produce 
demonstrable lung damage after exposure to 
low mass concentrations. The pulmonary 
half-life for UO. particles, whose mean 
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diameter was 0.454, was reported by Stok- 
inger * to be 250 days. For UsQg particles 
whose mean size was 2.6, he reported a half- 
life of 90 days. Hodge,* using UQOsz particles, 
found the half-life in the lungs to be 60 days. 
In the case of beryllium oxide particles 
ranging in size from O.11p to 1.254, Dutra ® 
found that “large amounts of dust remained 
within the lungs of rats for over a year after 
the last period of exposure, and there was 
little tendency for the beryllium to be redis- 
tributed from the lungs to other tissues.” 
Abrams," in a study of the metabolism of 
inhaled fission product aerosols, found that 
the elimination of particles from the lung 
depends on the physical and chemical prop- 
erties of the aerosol. Scott,” in a similar 
study, concluded that the elimination of 
inhaled fission product aerosols from the 
deep respiratory tract is about the same for 
all the particles that he studied and that 
this elimination proceeds at a rate. 
Eisenbud,* in commenting on Scott’s findings 
of similar clearance rates for all the com- 
pounds investigated, said that “confirmation 
of this observation would greatly simplify 
the problem of estimating radiologic risk.” 
In his investigations, Scott learned that the 
main pathway for the removal of insoluble 
particulates from alveoli was by way of the 
bronchial tree, with only an insignificant 
fraction appearing in the lymphatic system. 
According to Fenn * the rate of phagocytosis 
depends largely on the probability of a colli- 
sion between a phagocytic ceil and a dust 
particle, thereby favoring the removal of 
larger particles by this mechanism. In addi- 
tion, Fenn found that the rate of phagocytosis 
also depends on the nature of the surface of 


slow 
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the particle being removed. Using leucocytes 
as the phagocytic cells, he found that carbon 
particles are ingested about four times as 
readily as quartz. Fenn postulated a mecha- 
nism for phagocytosis in terms of the total 
interfacial energy of the particle-fluid-phago- 
cyte system, with more rapid particle inges- 
tion for systems of greater potential energy. 
Robertson’s'® review of the literature on 
phagocytosis in the lung cites numerous 
examples confirming Fenn’s observations of 
differences in phagocytic rate for different 
particles. 

In contrast to the relatively low elimina- 
tion rates found in the literature, experiments 
in this laboratory using radioactive barium 
sulfate particles indicated that these particles 
were eliminated from the deep respiratory 
tract with a half-life of about three days." 
Autoradiographs made from the lungs of 
animals killed at various intervals after 
treatment qualitatively confirmed the rapid 
elimination of the dust. The particulates 
used in this study were tagged with S* to 
the extent of 35uc per dose. Since Taplin *° 
reported that whole body x-irradiation of 
rabbits accelerates the rate and increases the 
efficiency of the respiratory tract clearance 
mechanisms, it was thought that the particu- 
late radioactivity may have stimulated the 
lung clearance mechanism, thereby producing 
the rapid elimination rate. An alternative 
reason for the apparently highly efficient 
clearance is particle solubility. The “‘in- 
soluble” barium sulfate particles may become 
relatively soluble under the physiological 
conditions in the lung and may be eliminated 
by way of the urinary tract. 

To investigate these two possibilities, an 
experiment was performed in which radio- 
active barium sulfate particles at two levels 
of specific activity were administered to rats. 
The elimination rates were measured by de- 
termining the activity in the lungs of animals 
killed daily for eight days after the exposure. 
Particle solubility was determined by fol- 
lowing the daily urinary and fecal output 
and analyzing for radioactivity. S** could 
appear in the feces as a result of mechanical 
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transport of the barium sulfate particles up 
the pulmonary tree until they are deposited 
in the mouth. From there they enter the 
gastrointestinal tract by swallowing. The 
appearance of radioactivity in the urine, 
however, could be explained only by solution 
of the barium sulfate particles and the excre- 
tion of the sulfur through the kidneys. A 
companion experiment designed to measure 
the solubility of barium sulfate only in the 
gastrointestinal tract was performed by in- 
jecting tagged particles into the stomach. In 
this case, too, the rate and route of elimina- 
tion were followed by radioactivity deter- 
minations in the urine and in the feces. 


METHODS 


1. Particle Preparation—The preparation of the 
particles from carrier-free radioactive sulfuric acid 
is described elsewhere.'* The specific activity of the 
particles, as controlled by isotopic adulteration, was 
2x10%uc per particle for the high level and 
3.2 10-84c per particle for the low level. The mean 
particle size, 1.45+0.4u, had been shown to be in the 
optimum size range for maximum alveolar reten- 
tion.'® The radioactive particles in the stomach 
feeding experiment were the same size and specific 
activity as those used in the high-level lung study. 

2. Experimental Procedure.—Twenty-six micro- 
grams of barium sulfate particles, suspended in 
0.15 ml. of isotonic saline, was injected intratrache- 
ally into the lungs with a blunt 18-gauge hypoder- 
mic needle inserted into the trachea through the 
pharynx (Fig. 1). The total activity injected into 
the lungs in the high-level irradiation was 100uc; 
0.16“c was used in the tracer exposure. Since previ- 
ous experience had shown that more than half of 
the material put into the lungs would be almost 
immediately removed from there into the stomach, 
only 644c was injected into the stomach. This 
stomach intubation was done according to standard 
technique using a rubber catheter. A total of 
85 female rats, Strain CFW, whose average weight 
was 180 gm. were used in the experiment. Forty 
animals were used in each of the lung exposures, 
and five rats were used in the stomach study. Rats 
in the two lung groups were serially killed at daily 
intervals for eight days, beginning at one day after 
exposure. The lungs, as well as the liver, kidney, 
spleen, gastrocnemium muscle, and femur, were 
removed and analyzed for radioactive content.17 
Radioactivity determinations on the urine and feces 
were made only for those rats held for eight days. 
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A thin (1.4 mg. per square centimeter) end-window 
Geiger counter that was standardized with a cali- 
brated C14 beta ray source was used in the isotopic 
measurements. 


RESULTS AND COMMENT 


The results of the investigation on the 
effect of particle activity on elimination rate 
are summarized in Table 1. Using the 0.05 
probability level as a criterion, no significant 
difference was found between the elimination 
rates of the high and low specific activity 
particles. The data from the two groups 
were therefore combined in Table 2 and are 
plotted in Figure 2. The equation of the 
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High Level, 
Fraction 
Eliminated 
0.54 + 0.36 
0.78 = 0.21 
0.74 = 0.18 
0.86 + 0.06 
0.90 + 0.11 
0.94 + 0.07 
0.95 + 0.04 
0.97 + 0.06 


Low Level, 
Fraction 
Eliminated 
0.87 + 0.14 
0.86 + 0.13 
6.69 + 0.24 
0.92 = 0.10 
0.81 + 0.07 
0.93 + 0.12 
0.967 0.04 
0.99 = 0.01 


curve, which was obtained by a least square 
fit of the data, is 

Y=1—e-0.72 -0.845t 
where Y is the fraction of the total dose 
eliminated in ¢ days. 
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Fig. 2—Pulmonary clearance curve. 
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TABLE 2.—Combined High- and Low-Level 
Lung Elimination Data 


Fraction 
Day Eliminated 
0.71 + 0.31 
0.82 + 0.40 
0.71 = 0.22 
0.99 > 0.25 
0.384 + 0.10 
0.93 + 0.09 


ELIMINATION OF RADIOACTIVE BARIUM SULFATE PARTICLES 


TABLE 3.—Cumulative Excreta 


Day Lung Stomach 
0.449 0.230 0.760 = 0.114 
ee 0.707 + 0.239 0.969 = 0.001 
0.793 > 0.230 0.991 > 0.001 
0.349 > 0.167 0.999 0.001 
0.893 0.130 0.999 + 0.001 
0.982 0.079 0.999 > 0.001 
0.959 + 0.013 0.999 0.001 
Gicicsxvicisecduaes 0.980 > 0.001 0.999 = 0.001 


By setting t equal to zero, the actual quan- 
tity deposited in the deep respiratory tract 
may be obtained and is found to be about 
48% of the amount initially administered. 

The rate of elimination from the deep 
respiratory tract may be determined by con- 
sidering only those particles deposited there. 

The deep respiratory tract retention curve 
may be drawn by plotting the fraction 

(Y, is the value of the ordinate of Fig. 2 at 
t—0, and Y; is the value of the ordinate at 
any other time) as a function of time, as 
shown in Figure 3. From the slope of this 
line, a value of two days is obtained from the 
biological half-life of 1.54 diameter barium 
sulfate particles in the deep respiratory tract. 
That the radiosulfur is excreted from the 
body when it leaves the lung may be seen 
from the cumulative excreta activity in 
Table 3 and Figure 4. These data show 
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Fig. 3.—Deep respiratory tract retention curve. 


that 98% of the radioactivity injected into 
the lungs was excreted at the end of eight 
days. In the case of the barium 
intubated into the stomach, 


sulfate 
the excretion 

These high 
elimination rates are confirmed by the analy- 


rate was even more rapid. 


ses of the various tissues and organs, all of 
which showed radiosulfur activities less than 
0.01% of the injected dose. 

The route of elimination of the particles 
may be inferred from the data of the stomach 
intubation experiments together with the 
data from the lung study. The radioactive 
contents of the urine and feces from these 
experiments are given in Table 4 and are 
depicted graphically in Figure 5. From the 
curves, it is seen that the barium sulfate, in 
the quantities used in this study, is highly 
soluble. About 45% of the stomach dose 
appeared in the feces, and about 30% ap- 
peared in the urine at the end of the first 
day. This high degree of solubility in the 
stomach is not surprising, since barium 
sulfate is soluble to the extent of 60 mg. per 
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ig. 4—Cumulative S°5 excretion curves. 
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TaBLe 4.—Log Fraction of Dose Present in Excreta 


Stomach Intubation 


Lung Insuffiation 


Day Urine Feces Urine Feces 
+ 0.057 —0.368 + 0.113 —0.900 + 0.182 —0.603 + 0.310 
Dedcuevedecsesceesnsscoeee + 0.524 -0.855 + 0,221 —1.356 + 0.346 0.749 + 0.199 

0.232 —1.922 + 0.270 —1454 + 0.474 —1.758 + 0.454 

+ 0.071 —2.533 + 0.135 —1.942 + 0.658 1.930 0.486 

3 + 0.512 —3.080 + 0.226 —2.117 0.748 2477 0.950 
5 + 0.198 -8.128 + 0.201 —2.150 + 0.819 —2.7530 + 0.974 

+ 0.158 —3.313 + 0.148 —2.344 + 0.916 —2.645 0.761 

0.135 —3.606 0.157 —2.224 + 0.906 —2.683 + 0.884 


liter of 3% hydrochloric acid solution at 
0 C.'* Figures 4 and 5 show that the particles 
administered to the stomach are rapidly 
expelled from the body, less than 1% ap- 
pearing in the excreta at the end of the 
fourth day. In contrast to this, it may be 
seen that the activity in the urine and feces 
from the animals in which the particles were 
intratracheally insufflated decreased at a 
slower rate. Although the high feces levels 
suggest that a major part of the solution of 
barium sulfate occurs in the gastrointestinal 
tract, some part of the activity in the urine 
may be the result of solution of the barium 
sulfate particles in the lung. The resolution 
of the urine activity into components origi- 
nating in the lungs and in the stomach may 
be accomplished by analysis of the elimina- 
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Fig. 5—Curves showing fraction of initial dose 
excreted via urine and feces. 
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tion data from the two groups of animals. 
Using the value obtained from Figure 2 for 
the fraction of the total dose that actually 
was deposited in the deep respiratory tract 
and assuming that the fraction eliminated 
from the upper respiratory tract was swal- 
lowed, then it is possible to calculate the 
activity that should appear in the excreta 
if there were no further increase in amount 
of barium sulfate in the stomach. Under 
these conditions, the ratio of observed to 
expected activity in the urine and in the 
feces should be unity. These ratios are 


Tasie 5.—E-xcreta Elimination Ratios 


Observed 


Expected 


Observed Observed | Observed 
Day Expected [ Expected |r Expected |r 

1 951 1.04 0.78 

2 4.00 1.91 2.10 

3 7.33 3.64 2.15 

4 7.20 5.75 1.25 

5 7.25 7.65 0.95 

6 8.28 9.00 0.92 

7 9.75 11.00 0.89 

8 12.10 12.65 0.96 


listed in Table 5 and are seen to increase 
with time. This increase in the ratio can be 
explained by a continual removal of barium 
sulfate particles from the deep respiratory 
tract into the gastrointestinal tract. If the 
particles in the stomach are excreted faster 
than the rate of transfer from the lungs 
to the stomach, then the ratio of observed 
to expected activity in the excreta should 
vary in the manner observed. Furthermore, 
since the main source of activity in the feces 
are particles that are brought up from the 
lungs and swallowed, then, if solution takes 
place only in the stomach, the ratio of 
observed-to-expected activity in the urine to 
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observed-to-expected activity in the feces 
should be independent of time and should 
be equal to 1. From the data listed in Table 5, 
it is seen that this ratio reaches a peak of 
about 2 at the third day and then falls off 
to about 1. The mean value for the eight-day 
period is 1.25, suggesting that the barium 
sulfate particles undergo solution in the lung. 
The significance of the average value is 
questionable, however, since the probability 
that this finding was due solely to errors of 
random sampling was one chance out of four. 
The observed peak, however, may reflect 
real solution in the lung at a time when a 
significant quantity of barium sulfate was 
still present there. If this is so, then, after 
the elimination of almost all the barium 
sulfate, the counting rate is only slightly 
greater than background, and radioactivity 
in the urine due to solution in the lung may 
have been completely masked by the rela- 
tively great variation during the latter half 
of the study among the animals in the lung 
group. This high coefficient of variation 
arises from the fact that the amount of 
barium sulfate excreted during this time is 
a very small fraction of the initial dose. As 
an illustration of this effect, two animals 
which have eliminated 99.5% and 98%, 
respectively, of the initial dose are considered 
to have eliminated about equal fractions of 
the dose. However, if the fraction retained 
is considered, then it is seen that one animal 
has retained three times as much as the 
other. If it is assumed that the mean value 
of 1.25 is real, this means that one-fourth 
more activity is present in the urine than 
would be expected if solution took place 
only in the stomach. The additional solution 
may occur in the deep respiratory tract, 
thereby providing two parallel elimination 
mechanisms, mechanical elimination and solu- 
tion, with the former acting about four times 
more rapidly than the latter. Since the 
effective half-life of the particles in the deep 
respiratory tract is known and is harmoni- 
cally related to the half-lives for mechanical 
elimination and for solution, each of the 
latter two half-lives may be calculated. In 
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this case, where the effective half-life is two 
days and the mechanical clearance rate is 
four times as great as that by solution, the 
mechanical clearance half-life is 2% days 
and the solubility half-life is 10 days. 

It should be pointed out that these con- 
siderations assume that no transfer of S*° 
occurs from the blood into the gastroin- 
testinal tract. If such a transfer does occur, 
then the ratio of (observed/expected), to 
(observed/expected will increase. Under 
these conditions, the elimination constant for 
solution, if solution does occur in the lung, 
will be greater, while that for mechanical 
elimination will be smalier. That a transfer 
of S* into the intestine from the blood via 
the bile does occur was shown by Dziewiat- 
kowski?® and Everett.2° Dziewiatkowski 
found that about 10% of S** injected intra- 
peritoneally into a rat as Na,SO, was elimi- 
nated in the feces. Everett learned that the 
main portal of entry of intravenously injected 
S* into the gastrointestinal tract was by 
way of the bile and that the biliary excretion 
of S** was complete in 10 to 15 hours. He 
also pointed out that a part of the sulfur 
that entered the intestine in this manner 
appears in the urine as a result of transfer 
out across the intestinal wall. As a result 
of the introduction and removal of the S* 
from the gastrointestinal tract, Everett found 
4% of the total injected dose of radiosulfur 
in the feces at the end of 24 hours. Since 
the exact net rate of transfer of S** into the 
intestinal tract from the body fluids was 
difficult to evaluate under the conditions of 


this experiment, this factor was not con- 


sidered in the calculations of elimination 
rates. This seems justified in view of the 
findings cited above, since it is apparent that 
the magnitude of the error thus introduced 
is small. 
CONCLUSIONS 

Three inferences may be drawn from these 
experiments : 

1. That the soft beta radiations from S* 
in radioactive barium sulfate particles do not 
affect the lung clearance mechanisms. 
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2. That 1.45, barium sulfate particles are 
eliminated from the deep respiratory tract 
of rats with a half-life of two days. 


3. That 98% of the radiosulfur injected 
into the lungs is excreted from the body in 
eight days. There is also a suggestion that 
relatively insoluble barium sulfate particles 
may undergo solution in the lungs. 


These results indicate that the proper 
evaluation of the lung hazard from inhalation 
of particulate atmospheric radioactive con- 
tamination requires a knowledge of the fate 
of this material subsequent to inhalation and 
deposition in the deep respiratory tract. The 
data obtained in this investigation suggest 
that inferences drawn from any “insoluble” 
particles are of limited value unless all the 
parameters governing particulate elimination 
from the lung are known and understood. 


SUMMARY 


The radiation effect on the pulmonary 
clearance mechanisms was studied by ex- 
posing cne group of rats to radioactive 
barium sulfate particles of high specific 
activity and another group to particles of 
very low specific activity. No difference 
between the elimination rates of these two 
classes of particles was observed. The effec- 
tive half-life of the particles in the deep 
respiratory tract was found to be two days. 
Although there was a suggestion that the 
particles may undergo solution in the lungs, 
the chief route of elimination was mechanical 
removal up the bronchial tree, followed by 
swallowing and subsequent elimination via 
the urine and feces. 
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Diagnostic 


IRVING R. TABERSHAW, M.D. 
and 
MORRIS KLEINFELD, M.D., New York 


Pulmonary industrial disease is a subject 
with many ramifications, and, while a physi- 
cian may be interested in many phases, his 
skill depends a great deal upon his orienta- 
tion and function. The chest physician is 
mostly interested in the clinical aspects and 
perhaps some of the medicolegal phases if 
he does compensation practice. The indus- 
trial physician, on the other hand, is inter- 
ested chiefly in epidemiology and prevention, 
with some overlapping in the other areas, 
depending on his position in industry or a 
public agency. 

From the standpoint of the diagnostic 
problem, it is the chest physician who is in 
a much more difficult position, not only 
because there are a number of diseases which 
produce pulmonary pathology simulating 
industrial disease but mainly because he has 
no intimate or certain knowledge of the 
exposure. The industrial physician, on the 
other hand, operates within the plant struc- 
ture and, since he usually knows the eti- 
ologic agent, may start with a preconceived 
notion as to what could or should be the 
result to the worker. The diagnostic prob- 
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lems of the industrial physician are dependent 
on his ability to evaluate early signs and 
symptoms and the opportunity to relate his 
findings to the exposure factors which pre- 
sumably exist. This is exemplified in the 
differential diagnosis between pulmonary 
sarcoidosis and beryllium granulomatosis. 
Until beryllium granulomatosis was estab- 
lished to be of definite occupational origin 
and caused by amounts of beryllium hitherto 
unsuspected of being able to produce disease, 
this industrial disease was unnoticed and 
even denied vigorously by the industrial 
physician, 

Both types of practitioners are influenced 
by another factor, namely, “industry,” which 
has a vital interest in any disease which may 
be called “industrial.” By “industry” is 
meant all the technical, administrative, legal, 
and financial aspects which might be affected. 
While all investigators and investigations are 
subject to social forces as well as technical 
limitations, these are of immediate 
concern in this phase of medical practice. 
Physicians are trained to make a presumptive 
initial diagnosis and then to modify it as 
indicated by the course of the disease, new 


more 


information, or response to therapy. In 
industrial medicine, for instance, aside from 
the need for an accurate diagnosis to deter- 
mine proper treatment and prevention, the 
physician is under constant pressure to state 
causal relationship early and to determine 
this on information which is frequently in- 
adequate or incorrect. The determination 
that a disease is of industrial origin, there- 
fore, presents problems in terms of socio- 
economic factors in addition to the usual 
ones of differential diagnosis. These prob- 
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lems are exemplified in our case reports, 
and each will be discussed with this in mind. 


Case 1.—A 59-year-old man was _ hospitalized 
because of a painful right knee of one week’s dura- 
tion. The knee had become swollen and hot three 
days prior to admission. He denied any recent 
trauma. At the age of 15 he developed an osteo- 
myelitis of the lower third of the right femur, which 
healed after several months. The patient had been 
in excellent health since. 

Clinical History—Examination revealed a well- 
developed well-nourished man of good color. With 
the exception of minimal crepitus of right knee and 
a depression along lower portion of right femur 
(the site of an old osteomyelitis), the physical find- 
ings were essentially negative. 

Routine blood chemistry studies, peripheral blood- 
cell count, and urinalysis were normal. 

Chest x-rays revealed a normal cardiac config- 
uration, with multiple shadows of varying sizes in 
both lung fields. There was no change on subse- 
quent films. The radiogram suggested metastatic 
pulmonary carcinoma. Urologic studies including 
retrograde pyelography were normal. A _ gastro- 
intestinal series was normal. X-ray of skeletal sys- 
tem showed evidence of an old healed osteomyelitis 
of right lower femur, with no evidence of any re- 
cent exacerbation, and moderate osteoarthritic 
changes of thoracic vertebrae. The right knee was 
normal. 

The pain in right knee subsided with bed rest, 
and patient returned to his former job without 
showing evidence of any discomfort. 

Occupational Exposure—For the past 27 years 
patient had been employed as a street laborer whose 
job it was to dig trenches and other street openings 
with pick and shovel. Occasionally he would oper- 
ate a pneumatic drill and hammer. 

Comment.—The clinical impression of 
metastatic pulmonary carcinoma, strongly 
entertained during the patient’s hospital 
course, appeared less likely in view of the 
lack of changes in his (1) clinical picture 
nine months after initial observation; (2) 
serial chest roentgenograms; (3) blood pic- 
ture, such as hemoglobin and alkaline and 
acid phosphatase, and (4) gastrointestinal 
and genitourinary x-ray series. A more 
probable diagnosis was pneumoconiosis caus- 
ally related to his occupation. 

Case 2—A woman, aged 67, was admitted to 
hospital because of precordial pain radiating to the 


left arm, dyspnea, and hemoptysis. 
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Clinical History—About three years ago patient 
began to note dyspnea on exertion, associated with 
cough which was productive of a mucoid sputum. 
About two years ago her symptoms progressed, and 
she was hospitalized for four weeks. She was dis- 
charged improved, but about one year ago her 
dyspnea again increased, orthopnea developed, and 
her cough became productive, averaging about % 
cupful of tenacious sputum. She had not been on 
any therapy for the past year and gave no history 
of hypertension or of thyroid or rheumatic disease. 

Physical examination showed a_ well-developed 
woman, moderately dyspneic on bed rest. Tempera- 
ture on admission was 102 F. There was conges- 
tion of the neck veins and lungs. The lips and 
tongue were moderately cyanotic. The heart was 
enlarged, both to the right and to the left. The 
sounds were of fair quality, but the rhythm was 
irregular. There was a systolic murmur at the base. 
The liver was enlarged but not pulsating. Moder- 
ate peripheral edema was present. Fingers and toes 
showed moderate clubbing. The white blood ceil 
count was normal. The hemoglobin was 11.8 gm. 
The urinalysis and serologic tests were negative. 

The initial chest x-ray showed discrete small in- 
filtrations scattered throughout both lungs. The 
root and hilar markings were prominent and bilat- 
eral. The heart was enlarged in its transverse 
diameter. The exact nature of the infiltrations was 
unknown, but passive congestion and pneumoconio- 
sis were suggested. The electrocardiogram revealed 
changes compatible with myocardial damage. 

The patient was placed on digitalis, antibiotics, 
and meralluride (Mercuhydrin) and improved at 
first following this therapy. However, the clinical 
findings in the chest and the x-ray picture did not 
clear up, and she died after five months’ hospitaliza- 
tion. 

The autopsy confirmed the clinical impression of 
cor pulmonale and pneumoconiosis. Severe fibrosis, 
diffusely scattered in both lungs, was present. 

Environmental History.—Patient had never been 
employed and had lived in New York City since 
the age of 15. As a child, between the ages of 4 
and 15 years, she had lived in Pennsylvania near a 
“factory that ground limestone.” She remembered 
that the environment near this quarry was ex- 
tremely dusty and that the dust damaged the crops 
on her farm. 


Comment.—The diagnostic impression on 
admission, namely, pulmonary infarction and 
bronchogenic carcinoma, appeared untenable 
in view of the lack of response to the pre- 
scribed therapy, the failure of the lung pa- 
thology to resolve, and the clinical progress 
of the case. The diagnosis of pneumoconiosis 
as the cause of the patient’s pulmonary in- 
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DIAGNOSTIC PROBLEMS 


OF 


sufficiency was strongly suggested by the 
persistence of her x-ray picture and the lack 
of response to digitalis and antibiotics. The 
increasing signs of right heart failure were 
more compatible with cor pulmonale due to 
pulmonary insufficiency than with any other 
diagnosis. The autopsy demonstrated severe 
diffuse fibrosis in both lungs, confirming the 
clinical diagnosis. The basis for the fibrosis 
in this patient’s lungs was not definitely 
established. Spectrography of the lungs 
showed that beryllium was absent and that 
the amount within 
limits. 


of silica was normal 


Case 3.—A 35-year-old Negro woman was re- 
ferred for evaluation of her pulmonary status. 

Clinical History—Patient was x-rayed in April, 
1954, as part of a routine preventive chest pro- 
gram in her community. She had no symptoms 
whatsoever but was told to report to a chest clinic. 
Repeat x-rays were taken, and tuberculin tests and 
gastric washings were done, with negative results. 

Environmental History. — Patient had never 
worked until World War II when at the age of 23 
she was employed for 13 months in Birdsboro, Pa., 
at a steel company where she used a compressed air 
hammer to remove hot sand from cast iron and only 
occasionally wore a respirator because the occupa- 
tion was very dusty. After several months a water 
spray was initiated to keep down the dust. She 
never had any complaints during her work. 

Following this, she worked in Reading, Pa., for 
about one year as a drill-press operator but was not 
exposed at that time to any dust. She returned to 
New York at the end of the war and worked again 
at a steel company for several months; then she 
remarried and quit work. 

X-ray revealed a diffuse, very finely nodular in- 
filtration scattered throughout both lung 
Physical examination was entirely negative. 


fields. 


Comment.—The patient had never had an 
x-ray of her chest previously, nor did she 
have any complaints referable to the respira- 
tory tract. Birdsboro, Pa., is six miles from 
Reading, Pa., where a plant making beryl- 
lium products is located. The patient was 
not employed at this beryllium plant, but her 
husband worked there during the two and 
one-half years she worked in Birdsboro and 
Reading. At the end of the war she moved 
back to New York and again was exposed 
to a nondusty industrial environment. 


PULMONARY 


INDUSTRIAL DISEASE 


GENERAL COMMENT 


It is noteworthy that although the three 
patients had different clinical pictures and 
courses they present similar problems in 
(1) differential diagnosis, (2) etiology, (3) 
medical legal aspects, and (4) socioeconomic 
implications. In the first case the clinicians 
gave adequate weight to the patient’s occu- 
pation of laborer only after exhausting the 
clinical possibilities. With the acceptance of 
the diagnosis of pneumoconiosis, other facets 
are worth mentioning. 1. How much disclo- 
sure of the pulmonary picture should be made 
known by the physician to the patient? 2. 
Should the physician permit him to return to 
his former employment? 3. What medicolegal 
advice, if any, should the physician give the 
patient at this time? 4. Should the physician 
strongly recommend a lung biopsy for a 
more definitive diagnosis? 5. How much of 
an iatrogenic factor will the physician intro- 
duce by his disclosure ? 

The second case illustrates the difficulties 
in making a diagnosis of pneumoconiosis 
without a satisfactory etiologic agent. Since 
the woman had never worked, there was no 
But if 
this was a pneumoconiosis, what was its 
origin ? 


question of occupational causation. 


Could exposure to dust in early 
childhood have produced the fibrosis? It 
is known that silicotic fibrosis progresses 
after cessation of the exposure, and cases 
have been known to occur in persons living 
in localities where there is a great deal of 
silicious dust.* The possibility that this was 
the case with this woman, in spite of her 
history of living near a quarry, seems remote, 
particularly since limestone does not produce 
fibrotic changes in the lungs. There are cases 
of pulmonary fibrosis which go unrecognized, 
but if a diagnosis of pneumoconiosis is made, 
a competent producing source must be identi- 
fied. We were unable to do so in this case. 

The third case again illustrates the prob- 
lem of differential diagnosis, but since this 
patient was employed in an occupation cap- 
able of producing a pneumoconiosis, the legal, 
financial, and moral responsibilities of indus- 
tries are affected by the decision. What is 
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the diagnosis—berylliosis, silicosis, or nei- 
ther? No satisfactory criteria exist for the 
diagnosis of either disease in this patient. 
The diagnosis is essentially based on the 
clinical examination and on the x-ray evalua- 
tion. Assuming that her original employ- 
ment was the cause, can silicosis progress to 
this point after so many years of nonexpo- 
sure? Are there factors in a city which can 
either initiate or maintain a fibrotic reaction? 
If the disease is berylliosis, the following 
questions need to be answered: 1. Can it 
occur from such minimal exposure as a 
spouse’s work clothes? 2. Can a plant be 
held responsible for the disease so many 
years after discontinuance of a harmful 
process? 3. Was the disease initiated when 
the person was exposed? 4. Did it develop 
later because of some additional factor which 
at this time we do not know? In our opinion 
this may be a case of nonoccupational beryl- 
liosis. This situation has been described by 
others.* 

A diagnosis of industrial pulmonary dis- 
ease means that an industrial process, opera- 
tion, or material has been identified as a 
competent producing cause of a pulmonary 
condition. It implies that the noxious agent 
was present in a form and concentration and 
at a time adequate to enter and cause injury. 
Since many factors affect the potentiality of 
such an agent to do damage, it is always 
necessary to evaluate the specific working 
condition. Unfortunately, this is not always 
possible, but, even where it is feasible, well- 


meaning physicians do not make this evalua- 
tion and are apt to draw conclusions based 
on insufficient information. It has been 
demonstrated that the effective handling of 
a pulmonary industrial disease depends upon 
the physician’s interest in obtaining proper 
information, particularly in regard to occu- 
pational exposure. Expert advice is avail- 
able, either through the official industrial 
hygiene agencies or through consultants in 
private practice or industry. 


SUMMARY 


Three cases of pulmonary disease of 
alleged industrial origin are presented, each 
with a different clinical picture but having 
similar problems in differential diagnosis, 
etiology, medicolegal aspects, socio- 
economic implications. 


80 Centre St. (13). 
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Abstracts from Current Literature 


Epitep By Dr. CuristopHEeR H. Woop 


General 


Civit DEFENSE PLANNING GUIDE FOR INDUSTRIAL PuysiciANs. R. R. Brester, J. A. M. A. 
158:390 (June 4) 1955. 


On the shoulders of the industrial physician rests the responsibility for planning the emergency 
treatment of large numbers of casualties and their efficient evacuation from the plant in the event 
of an enemy attack from the air. Shelters are too few and inadequate to protect against modern 
thermonuclear weapons, and the author therefore adheres to the view that early evacuation 
should be attempted. The report is particularly concerned with what should be done in the 
event of a near hit causing structural damage and many casualties in a plant employing more 
than 100 persons. 

The plant civil defense plan must be integrated with and remain subservient to the plan for 
the whole community. Aspects which are discussed include the following: organization of 
stretcher teams ; training of personnel ; organization of first-aid stations ; methods of transporting, 
identifying, and recording casualties; arrangements for their evacuation, and a study of the 
special hazards which may result from damage to the plant. 


The list of emergency supplies required for a plant with 100 employees surprisingly includes 
lipstick but omits blood plasma and transfusion sets. 


Joun PemBerton, M.D., Boston. 


A Survey oF EMpLoyMENT Powicies As Retatep To CARDIAC PATIENTS IN GREATER 
Boston. SIMON OLSHANSKY, SEYMOUR FRIEDLAND, RICHARD J. CLARK, and Howarp B. 
SpraGuE, New England J. Med. 253:506-510 (Sept. 22) 1955. 


A study of 100 companies in Greater Boston with a combined labor force of 176,024 revealed 
widespread exclusion of persons with heart disease from new employment and a sympathetic 
attitude of employers toward retention or reemployment of old workers who had incurred a 
heart disease. Fear of costs of claims for death benefit or for permanent and total disability 
benefit under the workmens’ compensation law appears to be the principal factor militating against 
employment of persons with heart disease, and availability of suitable jobs and costs of disability 
and medical care insurance are other important reasons. The authors urge employers to accept 
persons with cardiac disease for placement in selective jobs, when such jobs are available, on 
the basis of competent medical advice concerning their work tolerance. They do not discuss 
the crucial problem created by the difficulty of deciding when a heart disease is caused by or 
is incidental to employment and hence is compensable. 


FrANz GoLpMANN, M.D., Boston. 


Physiology and Nutrition 


DriuRNAL VARIATION IN MENTAL PERFORMANCE. Bo BJERNER, AKE Hot, and AKE SwENs- 
son, Brit. J. Indust. Med. 12:103-110 (April) 1955. 


The mental work used as a basis for this study was the entering of figures in columns in 
ledgers. Some of the figures were taken directly from meters, and some were the results of com- 
putations. In all, approximately 175,000 entries made between the years 1912 and 1931 were 
reviewed, and 75,000 errors were found in the entries. Entries were made hourly, day and night. 
Most errors were made at 3 a. m., and a less pronounced peak was found to occur at 3 p.m. 
Least errors were made between 7 a. m. and 9 a. m., with another low period from 5 p. m. to 
7 p. m. When the workweek was shortened from 56 to 48 hours, no change in distribution of 
errors was noted. 


As the authors point out, the bulk of the material forming the basis of this study was 
furnished by three persons, and this should be remembered when considering a broad application 
of their findings. 


SHERMAN S. Pinto, Denver. 
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PHYSIOLOGICAL OBSERVATIONS ON MEN WORKING IN SUPPOSEDLY LIMITING ENVIRONMENTS 
In A WEstT AFRICAN GOLD Mine. W. S. S. LApDELt, Brit. J. Indust. Med. 12:111-125 
(April) 1955. 


This study of physiological reactions of men working in an atmosphere near tolerable limits 
was made in two areas of a mine. In one, the dry-bulb temperatures were 93 to 93.5 F; wet-bulb, 
92 to 92.5 F; air movement, 60 to 70 ft. per minute; basic effective temperature, 91.5 F. In the 
other, the basic effective temperature was 93 F. Further observations were made on men in the 
laboratory under controlled conditions which produced an effective temperature of 95 F. 

In the mine itself no sickness was found attributable to the heat. The men avoided heat stress 
by taking frequent rests and withdrawing to cooler parts of the mine during blasting operations. 

Under controlled laboratory conditions with an effective temperature of 95 F, some subjects 
had a rectal temperature rise to 104 F while doing measured work. Under such conditions the 
pulse rate rose to about 190 beats per minute. Trained miners under such conditions were found 
to sweat at the rate of 16.3 ml. per minute, while untrained novice miners had a rate of 12.1 ml. 
per minute. There was some evidence that trained miners had a somewhat lower chloride con- 
centration in the sweat than did untrained subjects. 

From these studies there was no indication that the West African deep miner has an unusually 
high heat tolerance. In all environmental heat-stress conditions, work rhythm as well as climatic 
conditions must be assessed when considering the tolerability of the working place. 


SuERMAN S. Pinto, Denver. 


BLoop EXAMINATIONS IN INDUsTRY: A COMPARISON OF BLoop CELL Counts FROM EAR 
Lose AND THuMB Pup. A. BuTtrERwortH and N. Goopman, Brit. J. Indust. Med. 
12:172-173 (April) 1955. 

Blood samples were obtained from the ear lobe and the thumb pulp of 35 workmen. Total 
white blood cell count, differential count, red blood cell count, and hemoglobin values were found 
to be quite comparable in each worker when the samples of blood from each site were compared. 


SHERMAN S. Pinto, Denver. 


Tue Enercy Cost oF Some INpusTRIAL Operations. D. TuRNER, Brit. J. Indust. Med. 
12:237 (July) 1955. 


The energy expended in carrying out 48 different jobs involving light to heavy physical 
effort was estimated by (1) subjective assessment—job analysis by time study and observation of 
the work—and (2) determinations of the metabolic rates of the workers. There was close 
agreement between the two methods of estimation. It is suggested that satisfactory information 
to aid in the proper placement of unfit or elderly factory workers can be obtained by subjective 
appraisal of various tasks without need for metabolic rate measurements. 


K. W. NeEtson, Salt Lake City. 


Tue Errect or Heat STRESS ON MINEWORKERS WITH REGARD TO Loss OF WATER AND 
Evectrotytes. W. M. Po.itzer and A. Kine, South African M. J. 19:155 (Dec.) 1954. 


The response to salt-and-water loss was studied in 81 mine workers who were engaged in 
heavy manual labor in the hottest areas of the St. Helena Gold Mine in South Africa. Atmospheric 
conditions consisted of an average dry-bulb temperature of 86 F, an average wet-bulb temperature 
of 84 F, wet kata cooling power of 13.3 mcal. per second, and 92% humidity. Underground 
observations were carried out during November, December, and January, the hottest months of 
the year. The clinical and biochemical examinations did not reveal any evidence of a pronounced 
sodium chloride deficiency and its sequelae, i. e., muscular cramps and heat exhaustion. The 
presence of a high incidence of sweat rashes in 9 of the 81 miners and the pronounced temporary 
loss of weight during the shift indicated that profuse perspiration did occur. 

The temporary fluid loss which occurred during work was replenished within 18 hours of rest. 
This mild temporary dehydration was not detectable by biochemical or hematocrit determinations 
but only by weight recordings. No departures from the normal range of values in respect to 
serum chloride, urea, sodium, potassium, total protein, and packed cell volume were observed. 

It had been expected that, as a result of acclimatization, the sweat would be very dilute. 
However, electrolyte determinations showed that this was not the case, and some values were high. 
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The miners’ diet contained sufficient salt and water to replace electrolyte and fluid loss. 
Salt was available at meal times and could be used liberally to supplement the diet according to 
the desire of the individual miner. Several miners stated that they had a marked appetite for 
salt and consumed it liberally at their meals. Most miners said that they consumed water during 
working hours, but 11 miners denied drinking any water. The administration of sodium chloride 
in the form of salt tablets, in excess of the amount consumed in the ordinary diet, is regarded as 
unnecessary. 

No cases of heat exhaustion or heat stroke were observed. The best method of preventing 
heat exhaustion and heat stroke is the provision of atmospheric conditions of temperature, 
humidity, and air movement of such a nature that they are within the limits of the body’s powers 
of adaptation. 


Under present conditions there appears to be no risk of heat exhaustion in the mine studied. 


Occupational Diseases and Hazards 


RHEUMATOID ARTHRITIS IN MALES: AN EPIDEMIOLOGICAL STUDY OF 
Community. W. E. Miatt, Ann. Rheumat. Dis. 14:150 (June) 1955. 


A WELSH MINING 


Miall says that Caplan pointed out in 1953 that some patients with rheumatoid arthritis, 
among coal miners with pneumoconiosis, can be recognized from a characteristic chest x-ray 
appearance. An epidemiological investigation of this new syndrome showed that this nodular lung 
fibrosis was associated with rheumatoid arthritis in more than 50% of cases; it also suggested 
that the prevalence of rheumatoid arthritis was increased among men with complicated pneumo- 
coniosis. To determine whether the progressive massive fibrosis of complicated pneumoconiosis 
was an etiological factor in the development of the arthritis, a survey of rheumatoid arthritis was 
undertaken in a Welsh mining valley in which progressive massive fibrosis was common among 
the miners. 

Immediately before an x-ray survey was started in the valley, a census was taken of the 
population, and during this census a note was made of all persons said to be suffering from 
arthritis. Ninety per cent of the population over the age of 15 was subsequently x-rayed, and 
each person was asked whether previously or now he had painful swellings of the small joints of 
the hands or feet. Medical practitioners and the rheumatism clinic provided lists of patients with 
rheumatoid arthritis. 

All patients with rheumatoid arthritis found from these four sources were asked to submit 
to x-rays of chest, hands, and feet and to a differential agglutination test; criteria by objective 
evidence were used in the diagnosis of rheumatoid arthritis. 

The survey showed that, though the prevalence of rheumatoid arthritis among all patients with 
massive fibrosis is about 2.7%, compared with 0.6% among miners without massive fibrosis, the 
prevalence of the disease among miners does not differ significantly from that among nonminers, 
and therefore it is most unlikely that massive fibrosis predisposes to rheumatoid arthritis. It is 
concluded therefore that neither exposure to dust nor the lung changes of complicated pneumo- 
coniosis play a causal role in rheumatoid arthritis. 

Evidence obtained confirmed the observations of other investigators that heredity plays an 
important causal role in rheumatoid arthritis; this is also true of Caplan’s syndrome and of 
patients with the characteristic Caplan chest x-ray findings without arthritis. Caplan’s syndrome 
and the present findings suggest an inherited abnormality of tissue reaction, not confined to the 
skeletal system, in those with, or presumably liable to develop, rheumatoid arthritis. This 
hypothesis would account for the numerous descriptions of cases of rheumatoid arthritis accom- 
panied by active tuberculosis which have appeared since Poncet described tuberculous rheumatism 
in 1902, but it does not confirm Poncet’s view that tuberculosis is a cause of rheumatoid arthritis. 


BRONCHIAL CARCINOMA IN PrintING Workers. E. Ask-Upmark, Dis. Chest 27:427 (April) 
1955. 


Surveying the occurrence of pulmonary carcinoma in Sweden, Ask-Upmark found that an 
analysis of the material observed at the University of Uppsala during the 20-year period from 


1931 to 1950 showed that the number of cases observed during the last decade is about twice 
the number observed in the previous decade. 


The cause of this increase has not been completely explained, although the increased consump- 
tion of cigarettes may or may not be of importance. 


183 


4 
‘ 
. 
4 
= 


A, M. A. ARCHIVES OF INDUSTRIAL HEALTH 


One of several outstanding differences between life of today and life of 50 years ago is the 
increased amount of printed material available. If exposure to printing ink should be of 
importance, one ought to expect an increased incidence of pulmonary carcinoma in printers. 
The records of patients with bronchial carcinoma in Stockholm (as reviewed by Wiklund from 
other points of view) were analyzed. Of 125 registered cases of bronchial carcinoma, 8 involved 
printers (= 6.4%). There were 1500 printers among 132,000 men over 40 (= 1.14+ 0.95%). 
This difference is conclusive from a statistical point of view and is still more overwhelming if 
it is remembered that only about 500 printing workers were in contact with printing ink and 
that, as far as could be ascertained, all 8 patients with carcinomas belonged to this group. 

Attention is called to the experiments of Steinbriick in 1929. Mice were painted on the neck 
with printing ink, and malignant tumors resulted (in five cases carcinoma of the lung and of the 
skin); in three cases neoplastic tissue developed in the lymphatic nodes, the liver, and the 
spleen. 

In further commenting on occupational factors in the causation of bronchial carcinoma, the 
author mentions exposure to chromium and asbestos and the occurrence of this form of cancer 
in gasworkers, in welders (metal fumes and particles), in boiler firemen, and in uranium miners. 


MANAGEMENT AND TREATMENT OF PATIENTS WITH COAL-WORKERS’ PNEUMOCONIOSIS. 
J. C. Grtson and G. S. Kivpatrick, Brit. M. J. 1:994 (April 23) 1955. 


The two forms of coal-miners’ pneumoconiosis distinguished by the Pneumoconiosis Research 
Unit of South Wales are described. The first, simple pneumoconiosis, is due to the accumulation 
of fine dust in the lungs alone and progresses only if the miner continues to work in the coal mine. 
The second, complicated pneumoconiosis, is believed by these workers to be due always to 
a modified form of tuberculosis. While tubercle bacilli can be found in less than 10% of cases 
coming to hospital, they can be isolated from 40% of cases at autopsy. The present law regarding 
compensation for miners’ pneumoconiosis in Britain is described. Under the Industrial Injuries 
Act a permanent allowance is paid to the coal miner on the basis of the percentage disability 
which is assessed. This is unaffected by his future employment, and he may, if he wishes, return 
to the mine under “approved” conditions. The treatment of coal-workers’ pneumoconiosis is 
described under the following headings: bronchospasm; acute pulmonary infections; cough and 
sputum; pain in the chest, and breathing exercises. The complications of tuberculosis and cor 


pulmonale are discussed. Joun Pemperton, Boston. 


Case OF ANTHRAX SEPTICEMIA RESEMBLING BuBponic F. J. Wricnut and E. C. 
OcHIENG, East African M. J. 31:516 (Nov.) 1954. 


The case reported by Wright and Ochieng was that of a 30-year-old man who was a night 
watchman in a factory in which hides were used. Except for the absence of leucocytosis, the 
patient’s symptomatology resembled that of plague in that there was no visible cutaneous lesions 
and there was a solitary painful axillary bubo. His temperature rose to 103 F, and his condition 
rapidly deteriorated; dyspnea, blood-stained sputum, mental confusion, and neck rigidity devel- 
oped. Lymph node puncture yielded organisms resembling Bacillus anthracis, which were con- 
firmed by culture and pathogenicity for guinea pigs. 

Lumbar puncture yielded pink fluid containing B. anthracis. The patient was treated with 100 
cc. of antianthrax serum and with 1,000,000 units of penicillin every four hours, but he died 56 
hours after admission of anthrax septicemia. It is possible that the disease had been acquired by 
inhalation, and the organisms reached the axillary node from the lungs. 


SoME OF THE CLINICAL, PATHOLOGICAL AND EXPERIMENTAL PROBLEMS OF THE PNEUMO- 
coniosEs. I. WessTER, Proc. Transvaal Mine M. Off. A. 34:33-38 (Sept.-Dec.) 1954. 


Some account is given of the work being done at present by the Pneumoconiosis Research 
Unit which is sponsored by the South African Institute for Medical Research and the Silicosis 
Medical Bureau. Although all forms of pneumoconiosis come within the activities of the Unit, 
at present it is concerned with silicosis, anthracosilicosis, and asbestosis. The Unit aims at 
explaining the progressive nature of silicotic fibrosis. Silicic acid is held to combine with 
tissue protein, either in the alveolar walls or in the foci where there is destruction of alveolar 
phagocytes and aggregations of silica. This silicic acid-protein complex acts as an antigen in the 
body, producing a tissue and a circulating antibody, both of which will combine with the antigen 
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to cause a further alteration of protein. This and other theories are under close investigation by 
experiments on monkeys, rabbits, guinea pigs, and rats. These animals are being exposed to 
dust concentrations of approximately 25,000 particles per cubic centimeter. One experiment still 
in progress suggests that dust of aluminum oxide delays the production of the silicotic lesions. 
Pulmonary disability due to pneumoconioses, whether caused by bronchitis or emphysema, is 


under study. E. L. Cottts 


Action oF Dusts AND PHARMACOLOGICAL AGENTS ON RESPIRATION: I. INFLUENCE OF 
TRAINING ON Vi1TAL CAPACITY AND MAXIMUM EXPIRATION PER SECOND. A. MINETTE 
and J. Pestiaux. Hasselt: Institut d’hygiéne des mines 10:16 (Feb. 28) 1955. 


After giving a short summary of previous investigations into vital capacity and pulmonary 
ventilation, the authors describe a study made on 30 normal persons, 17 men and 13 women, aged 
between 20 and 26. Observations were made on vital capacity and maximum expiration per 
second; 150 tests on each person were gathered at 15 sessions. Vital capacity was noted to 
increase as the sessions progressed, particularly between the earlier ones. The average increase 
between the Ist and the 15th session was 6%, and the increase of individual maximum readings 
was 18%. These increases are attributed partly to apprenticeship and partly to training. Increases 
were also found in maximum expiration per second of the same order and apparently obeying 
the same laws as in the case of vital capacity. These phenomena should be taken into account 
when testing the effect of drugs or dust exposure upon lung function. 


L.. 


Epematous ALLERGIC BRONCHIOLITIS: A StTaTiIsTICAL Stupy or ASTHMA DUE To 


VEGETABLE TEXTILE Dust. G. C. H. WERNER, Arch. mal. profess. 16:27-45, 1955. 


The clinical histories of 1800 persons exposed to vegetable textile dusts were examined. 
The dusts were those arising in manipulating linen, hemp, and cotton fibers, but the author was 
mostly concerned with hemp and linen. He shows by statistical examination the direct relation 
existing between the length of industrial exposure to the different dusts and the existence of 
allergic reactions of the asthmatic type. The most pronounced exposure took place in men tending 
the carding machines, and the asthmatic reaction depended upon the concentration of the dust 
and the length of time in years and months of occupation. The reaction begins on Mondays on 


starting work and disappears on cessation of exposure but tends to extend into later days of the 
week. 


The sensitization caused by the dust varies with the kind of dust, but all these vegetable 
dusts seem to have the capacity of setting up allergic sensitization more or less. The importance 
of the dust exposure is indicated by the improvement which follows when the dust is minimized 
by exhaust ventilation; cases of confirmed asthma cease to occur, and old cases are much bene- 
fited. The air in all the affected workshops must be freed from dust, and the disease must be 
designated as cccupational. = 1. 


FresH Notes on Coat-Tar Cancers. A. J. CHaumont, Arch. mal. profess. 16:87-89, 1955. 


The special feature exemplified by three cases of epitheliomata due to contact with dusty 
carcinogenic coal tar during the making of briquettes is the tendency for the condition to 
reappear in some other than the original site after cure by extirpation or by radiotherapy. In 
the first case a growth was removed from the upper lip. Twelve months later another growth 
appeared on the left upper eyelid, which was cured in six weeks by radiotherapy. But the skin 
generally became dry and thick, that of the scrotum showing fine hyperkeratosis. In the second 
case a small tumor was freely removed from the back of the left hand. The result was excellent, 
but one and one-half years later a hard tumor as large as a cherry had to be removed from the 
outer edge of the hand. In the third case a small epithelioma was obliterated by radiotherapy 
from the left nostril. Eighteen months later fresh epitheliomata appeared on the back of both 
ears and were also cured by radiotherapy. In each case change of work was recommended, but 
the men objected on account of the loss of wages if they left their skilled work for a less skilled 
occupation. This objection is important. Compensation should be allowed to such men to ensure 
that they do not lose on changing their work. At present the law does not compensate such a 
man when he has been “cured.” E. Ll. Cocum. 
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SomE CAsEs oF MIXED PNEUMOCONIOSIS OCCURRING IN THE Pottery INpuUstRY. F. MULLER 


and L. Corce.ie, Arch. mal. profess. 16:129-153, 1955. 


Three cases of some interest are reported; they have in common that the patients had been 
employed for several years with exposure to dust in a pottery where stoneware was made (the 
counterpart of Engiish Mason’s ironstone china). In each case the patient, who had a good 
health record, after a mild catarrhal attack was seized quite suddenly with dyspnea. The attack 
was associated in one instance with tuberculosis, which rapidly gave way to antibiotic treatment, 
leaving the patient quite well and able to resume work. X-ray examination of the patients 
showed interstitial fibrosis, with disseminated nodulation. Except for the dyspnea the general 
health was good. Here are pneumoconioses clearly due to industrial dust developing suddenly, 
quite different from the slow onset of silicosis. The dust arising in the process of making the 
china was found to contain 19% to 20% of quartz, and the polarizing microscope gave the 
proportion of free silica as 35%. The suggestion is advanced that other dusts, particularly that 
arising from feldspar, may mask the silica effect, which was suddenly brought to light by a 


chance infection of the lungs. t 


A NOTE ON THE TREATMENT OF LEAD COLIC BY CHLORPROMAZINE (LARGACTIL). L. POLLET, 
M. Gautier, J. Moreau, and J. Varty, Arch. mal. profess. 16:247-248, 1955. 


The authors had under their care in hospital eight cases of definite lead poisoning, with 
sharp colic. The cases presented all the classical signs of lead poisoning. The first five were 
treated in the usual way with atropine, two injections daily of 0.25 mg. The colic continued 
without intermission for two or three days, only abating by the fifth day. Then for two cases 
chlorpromazine was given as well as the atropine. The pain rapidly gave way, and the last patient 
was therefore given only the chlorpromazine without any atropine. The colic was just as quickly 
assuaged. The drug was administered intramuscularly in two injections of 50 mg. daily. 


E. 


Grain-Dust Pneumoconiosis. J. R. RUTTNER and A. Storer, Schweiz. med. Wehnschr. 84: 
1433-1436 (Dec. 25) 1954. 


This is a case of pneumoconiosis occurring in a grain miller. He had occasionally dressed 
the grindstones, which were siliceous, but otherwise had no exposure to dust except in the 
grain mill. 

The symptoms and course of the disease resembled those of silicosis; roentgenograms showed 
shadows chiefly at the roots of both lungs gradually extending to involve the bases. The patient 
died of increasing heart failure, with widespread edema, ascites, and congestion of the liver and 
lungs. Autopsy showed moderately severe fibrosis of the lungs, thickened pleura, and fibrotic 
changes in the lymph nodes, bullous emphysema, chronic bronchitis, cylindrical bronchiectasis 
and bilateral hydrothorax, hypertrophy of the right heart, and changes in other organs. Histo- 
logical examination showed tissue changes resembling those of silicosis, but sections of lung and 
lymph nodes showed no evidence of mineral particles, after ashing and examination by x-ray 
diffraction analysis. On the other hand, histological sections of the nodules showed that the 
contained particles were of vegetable origin and could be identified botanically as grain dust. In 
spite of the morphological similarity to silicosis, the action of quartz and silicates as a cause of 
the fibrosis could be excluded, and the condition was classed as grain-dust pneumoconiosis, 
Illustrations show the roentgenogram appearances and histological sections of the fibrotic 
nodules and the granulation tissue containing vegetable-dust particles. 


E. L. MippLeton Hye.]. 


CLINICAL, PATHOGENETIC, AND DIAGNOSTIC PROBLEMS OF SILICOTUBERCULOSIS. M. CREPET 
and G. Pescetti, Minerva med. 46:710 (March 17) 1955. 


In a series of 124 patients who had silicosis as the result of exposure to silica-laden dust for 
5 to 40 years, 18 had Stage 1 silicosis; in 8 the disease was in an intermediate phase between 
Stage 1 and Stage 2; 60 had Stage 2 silicosis, and 38 had Stage 3 silicosis. 

Bacteriological, laboratory, and roentgenological findings indicated that the rate of the 
tuberculous complication in such patients increases as the silicosis progresses. Active tuberculosis 
was not found in any of the patients of the first two groups but was present in 12 of those with 
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Stage 2 silicosis in whom the common clinical and roentgenological aspects of tuberculosis 
(infiltration, lobitis, and caseous adenopathy) were seen instead of the productive or ulcero- 
fibrous features that are characteristic of silicotuberculosis. It is suggested that the term 
tuberculosilicosis rather than silicotuberculosis be used for such patients. Active tuberculosis was 
found in eight patients with Stage 3 silicosis and was characterized by evidence of parenchymal 
ulcerations on the roentgenograms. In six of the eight patients the presence of tuberculosis 
was confirmed by the presence of tubercle bacilli in the sputum. Parenchymal ulcerations in 
patients with Stage 3 silicosis need not always indicate a superimposed tuberculous infection. 
In 50% of the patients with ulcerations, these were only apparent (areas of bullous emphysema), 
or they were caused by such factors as abscesses or colliquation owing to ischemic necrosis. 
Most of the patients with Stage 3 silicosis (73%) did not show signs of tuberculous or other 
infection. The authors conclude that the transition of silicosis from the nodular to the massive 
stage can take place without the superimposition of a tuberculous or any other infection. 


Industrial Toxicology 


MERCURIALISM AND A THERMAL Cure. C. Turerry and S. Tara, Arch. mal. profess. 16:67- 
68, 1955. 


Two severe cases of mercury poisoning are reported. (The source of the poisoning is not 
stated.) Both patients exhibited the classical signs of mercurialism. They went to Cauterets where 
they underwent the usual courses of treatment with sulfur baths and drank the waters. In a 
few weeks both improved rapidly and permanently. Indeed the disappearance of all symptoms in 
one was truly spectacular. The general state and mental outlook became quite normal. 

The authors point out that patients under treatment for syphilis with mercury have been 
sent long ago to take sulfur treatment at hydropathv establishments. They can then tolerate 
larger doses of mercury. What occurs in the bodily metabolism to bring about these results is 
not understood. The claim is also made that other occupational diseases, such as dermatitis, 
have definitely been benefited by sulfur treatment. The subject calls for research. 


L, 


Toxicity OF SyNTHETIC DETERGENTS. M. GAULTIER and E, Fournter, Arch. mal. profess. 


16:110-131, 1955. 


An effort is made, by collecting all that is known concerning the toxicity of the synthetic 
detergents under review, to establish that their toxicity is associated with their chemical 
structure, estimated as to whether they are anionic, cationic, or nonionic. The information 
collected is set forth in some detail. The study is held to show that the toxicity of synthetic 
detergents is quite mild if they are nonionic, and if they are anionic, it is no more important 
than that of many substances used industrially without any special care. But cationic substances 
are definitely more toxic, with a lethal dose of the order of 200 mg. per kilogram. As they are 
readily diffusible, they should be manipulated only under regulations, and all new substances in 
this category should be brought into use only after their possible toxicity has been carefully 
examined. Risks of intoxication by inhalation are particularly considered on account of the 
value of aerosols in which these substances may be used in the prevention of silicosis, but the 
value is doubtful. Damage to the skin and mucous surfaces can be controlled, but concentrated 
preparations in the presence of alkaline salts are relatively dangerous. The information here 
. summarized is best consulted in the original. FL. Coezzs. 


Medicine and Surgery 


MEDICAL CARE AND REHABILITATION UNDER WORKMEN'S COMPENSATION: PRESENT STATUS 
AND CritiguE. J. Pottack, Am. J. Pub. Health 45:644 (May) 1955. 


This article consists mainly of a reasoned criticism of the standard of medical care and 
rehabilitation provided under the Workmen’s Compensation Act. Four out of five civilian 
employees are now covered to some extent by compensation laws. Whereas compensation for 
work-connected injuries is universal, the situation with regard to occupational diseases is far 
more limited. Two states do not cover occupational diseases at all. Entitlement. to medical care 
under the Act usually lasts for six months but may be as short as four weeks, and cash benefits 
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which are typically about $1500 may be as low as $300. “Internationally,” the author writes, 
“unlimited medical care has come to be regarded as a minimum standard of security against 
employment injuries. Reductions below this standard are regarded as justified only as ‘temporary 
exceptions’ in countries ‘whose economy and medical facilities are insufficiently developed.’ ” 

In discussing rehabilitation, the close connection that this should have with workmen’s 
conrpensation is emphasized, and yet only 17 states have made any statutory provision to provide 
or facilitate rehabilitation under workmen’s compensation. It was found in 1951 that it took 
the injured worker on the average seven years to find his way to the federal-state program 
of rehabilitation. This indicates that rehabilitation is not as a rule sought, until workmen’s com- 
pensation no longer holds any hope for the injured worker. The author concludes with the 
opinion: “Rehabilitation should be made available through workmen's compensation to all who 
need it. It should be paid for by workmen’s compensation and thus guarantee entitlement to 
the employees and provide a more assured financial base for the services.” 


Joun PemBerton, Boston. 


Lune Biopsy. D. B. Errter, H. S. VAN OrpsTRAND, L. J. McCormack, and H. A. GANcEDO, 
Am. Rev. Tuberc. 71:668 (May) 1955. 


The authors describe a method of lung biopsy which they have used in 65 cases, with one 
death and “no significant morbidity.” Under positive-pressure general anesthesia using oxygen 
and nitrous oxide and local anesthesia for the chest wall, an incision is made in the site indicated 
by radiography. Neither rib nor rib cartilage is removed. The specimen for biopsy is obtained 
from the lung after placing a row of hemostatic sutures around the elected site. The authors 
consider the method a valuable diagnostic procedure in cases of diffuse pulmonary disease in 
which the diagnosis has not been made by other means. It was helpful in diagnosing cases of 
sarcoidosis, berylliosis, histoplasmosis, asbestosis, and neoplasm. 


Joun PEMBERTON, Boston. 


INTERMITTENT PosITIVE PRESSURE BREATHING IN PATIENTS witH CHRONIC BRONCHO- 
PULMONARY Disease. N. Wu, W. F. Micver, R. Cape, and P. Ricnpurc, Am. Rev. 
Tuberc. 71:693 (May) 1955. 


This paper reports a therapeutic trial of intermittent positive-pressure oxygen with a 
bronchodilator compared with intermittent positive oxygen alone and with an oxygen-nebulized 
bronchodilator. Twenty-four patients, including seventeen with pulmonary emphysema and 
fibrosis and six with asthmatic bronchitis or bronchial asthma, were used as subjects, and each 
patient acted as his own control. Measurements of the maximum breathing capacity, the vital 
capacity, and the timed vital capacity were used as criteria. It was concluded that oxygen inter- 
mittent positive-pressure breathing alone, except for the immediate effects of the oxygen 
administered, is of no value in chronic bronchopulmonary disease. Oxygen intermittent positive- 
pressure breathing enhances the effectiveness of simultaneously administered bronchodilator 
aerosol in cases where excessive secretion or severe ventilatory insufficiency is a major problem. 


Joun PEMBERTON, Boston. 


PATIENTS WITH HEALED MYOCARDIAL INFARCTION SHOULD Work. W. D. Stroup, Geriatrics 
10:184 (April) 1955. 


The medical literature of the last few years contains many statistical reports concerning 
patients who return to work and who live for many years with healed myocardial infarcts. 
Stroud presents case histories to illustrate this. He feels that physicians are at fault when they 
do not explain to each patient with a myocardial infarct that, following recovery from acute 
episode, the condition for which restrictions were ordered no longer exists. Otherwise, patients 
believe that their future activities should be forever limited to those which were allowed 
during treatment. Often these patients cannot return to work, because they have fallen out 
of the routine or habit of work. Little attention is directed toward determining the functional 
capacity of the heart, which is the real criterion of the degree of incapacitation. Physicians 
fear what may happen and forbid a return to work. Patients are rated as 50% or 75% 
incapacitated, when they have only got out of the habit of work. 
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It has been postulated that increased blood pressure from physical activity will rupture 
capillaries in atheromatous plaques lining the intima of the coronary arteries, thus leading to 
thrombus formation. There is little basis in logic or fact to support such a hypothesis. Further- 
more, emotional stresses are unavoidable, and apparently the adrenals, under stress of emotion, 
produce in the blood stream an amount of adrenalin equal to that produced with physical effort. 

Patients with healed myocardial infarcts following coronary occlusion should be urged to 
return to work at some remunerative occupation. 


HypDROCORTISONE IN THE TREATMENT OF GANGLIA, 


R. E. Ricu, J. M. Soc. New Jersey 
52:260 (May) 1955. 


It has been shown experimentally that excessive muscular exercise may stimulate the tissue 
in close proximity to joints and tendon sheaths and that the response to these stimuli may cause 
inflammatory irritation, degeneration, and cyst formation. This seems to furnish a rational 
explanation of the causation of a ganglion. From this, it follows that the use of an anti- 
inflammatory substance, such as hydrocortisone, may be a logical way of reversing the process 
which initiates ganglion formation. 

Acting on this basis, Becker had found the injection of hydrocortisone effective in 26 of 30 
patients with ganglion. These favorable results and the fact that former conservative as well as 
surgical methods had proved unsatisfactory, particularly in industrial cases because of loss of 
time from work, prolonged disability, and compensation awards, induced Rich to introduce the 
hydrocortisone treatment of occupational ganglions at a plant where lamps are made. In lamp 
manufacturing most operators are women who perform finger, hand, and wrist motions many 
times daily, with resultant increase in the number of ganglions. 

An isotonic saline suspension of hydrocortisone acetate containing 25 mg. per cubic centimeter 
is injected directly into the ganglion without any attempt to aspirate fluid. The skin is 
sterilized with 70% alcohol, but no local anesthetic is used. The author prefers the 25 gauge 
needle. 1% in. long. After injecting the hydrocortisone into the ganglion, a small dressing is 
applied, and the patient can return to her regular work. The amount of hydrocortisone injected 
depends on the size of the ganglion. The author rarely injects less than 0.3 or more than 0.5 ce. 
of hydrocortisone suspension. The patient is examined daily, and in rare cases a new injection 
may be required after an interval of one week. 


Mo ten Ptastic InyuRIES OF THE HAND: REPORT oF Two Cases. J. M. Baker, Plast. & 
Reconstruct. Surg. 15:233 (March) 1955. 


Molten plastic materials under high temperature may accidentally penetrate the hands of 
the worker. 

The first of the two patients, whose cases are presented, stated that he was working on a 
machine which was blowing liquid plastic material through a small opening into molds. This 
plastic material was being forced into the molds under 4000 lb. pressure per square inch and at 
500 F temperature. Accidentally this molten plastic material penetrated deep into the patient’s 
left hand and hardened immediately. He complained of severe pain and inability to move the 

. thumb and the index and middle fingers. Examination revealed the left hand to be swollen and 
tender. There were two breaks in the palmar aspect of the hand. On palpation it was evident 
that the hand was filled with solidified plastic material. 


Two large pieces of this molten plastic material were removed from the hand. One piece 
came from the thenar space, another from the midpalmar space. Tetanus and gas antitoxin 
were administered. Nevertheless, gas bubbles were seen to come through the suture line on the 
sixth postoperative day. When culture revealed Bacillus welchii, the wound was opened widely, 
and the patient was isolated. The cavity in the hand was closed by a skin graft on the 35th hospital 
day. 

On discharge from the hospital about two weeks later, it was evident that the thumb and the 
second and third digits would have considerable disability resulting from damage to the flexor 
tendons and the intrinsic musculature of the thenar area. Later further surgery was done, and 
the patient returned to work. 


The second patient required a skin graft on the dorsum of the left hand. At a later date a bone 
graft to fill in the defect of the fourth metacarpal and tendon grafts to restore the extensor 
function of this hand are planned. 
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Injuries from molten plastic material differ from grease-gun injuries in that the foreign 
material, which was accidentally introduced into the hand, immediately solidifies and can be 
removed in its entirety, whereas the oil accumulations remain indefinitely in the tissues and cause 
granulomatous reactions. Pressure and thermal effects cause the injury in case of contact with 
molten plastic material. At the time of the acute injury it is difficult to determine accurately 
the depth and extent of the injury. The repair of the hand injured by molten plastics is not 
unlike the repair of other injuries to the hand once the process of destruction is clearly 
demarcated. 


SILICON IN PROPHYLAXIS AND THERAPY OF INDUSTRIAL DERMATOSES. H. JARNECKE, 
Deutsche med. Wchnschr. 80:755 (May 13) 1955. 


Silicon (Setaderm) protective ointment consists of methyl polysilicon oil on a nonirritating 
wax base. The methyl polysilicon oil is an intermediate between organic and inorganic com- 
pounds; its basic structure consists of silicon atoms which are united by oxygen atoms, and 
therefore it has a chemical structure similar to that of sand and quartz. Various organic groups 
are bound to silicon, and thus a highly stable molecular structure results which carries organic 
residues as final groups. Because of this structure the methyl polysilicons are highly resistant, 
are chemically indifferent, are stable on heating and cooling, and have a high surface activity. 
Combined with wax, they form a film which spreads as a protective layer on the skin so that all 
external noxae, particularly dirt and water, and also watery solutions are kept from the skin. 

The effect of the pure silicon oil on the skin was tested in 52 persons, and not a single one of 
them suffered any damage to the skin, although some of them showed a positive reaction to a 
simultaneously performed soap test, suggesting a general hypersensitivity of the skin. One 
hundred forty-eight workers with industrial dermatoses then were treated with the silicon pro- 
tective ointment. After the application of the ointment, the eczematous lesions healed, and new 
irritation of the skin no longer occurred. Only 5 of the 148 patients were therapeutic failures. 


Environmental Conditions 


INpUsTRY AND TropIcAL HEALTH: PROCEEDINGS OF THE SECOND CONFERENCE OF THE 
INDUSTRIAL CouNCIL FoR TropicAL HEALTH HELp Apri 20-22, 1954, New YorxK 
AND Boston. Pp. 266. Published for the Industrial Council for Tropical Health by the 
Harvard School of Public Health, 55 Shattuck St., Boston, 1955. 


This Conference on Industry and Tropical Health held its first session in New York City 
so that representatives of management and the United Nations might more conveniently attend. 
Delegates from 54 industries were present. Dr. R. C. Page opened the first-day sessions with a 
discussion of medical needs in industry abroad. He traced the changing purpose of foreign 
medical installations from control of disease and emergency accident care to the present-day aim 
of constructive medicine. Constructive medicine is defined as the entire program of preventive 
medicine in which a man comes to understand his medical limitations and is better equipped to 
take care of himself. Medical facilities of United States companies in foreign countries found their 
costs of operation soaring because of their paternalistic policies in regard to treating employees 
and their dependents. Page suggested that by closer cooperation between the foreign company 
and the local private practitioner a form of more enduring health services to the community can 
be developed. Various discussants of this paper brought out the complexity of the situation 
when governmental agencies and labor unions demand a voice in solving the problem of medical 
care. 

Selection of personnel for tropical service was discussed by Mr. J. B. Harris. In addition to 
physical fitness of the prospective employee, he stressed the necessity for emotional stability 
or maturity of the wife as well as that of the applicant. Personality factors which often indicate 
a person will make a poor adjustment are racial or religious intolerance and a desire to work 
in a foreign country as an escape from unsatisfactory situations in the home country. Dr. Colenso- 
Jones, speaking from his experience of 27 years in the Middle East, stressed the unsuitability of 
candidates who have poor teeth, perspire poorly, have a history of previous gastrointestinal 
disease or previous tuberculosis, or have been prisoners of war. Former war prisoners often 
react poorly when assigned to jobs in isolated desert camps. 

In discussing the relationships between nutrition, health, and efficiency in the tropics, Dr. 
F. J. Stare stated that food habits should follow the patterns recognized as being good in the 
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temperate zones with minor variations. More water is needed in the tropics, and there is 
a slightly lower demand for total calories. Parasitic and infectious diseases often lead to 
decreased intestinal absorption, and many tropical peoples sometimes subsist on a diet based on 
one starchy food, such as rice. The result of these factors is the development of conditions which 
should be called diseases of poverty rather than tropical diseases. 

Mr. J. C. McClintock traced the change in responsibilities which industry has had for the 
health of its employees and their dependents. Fifty years ago local medical and public health 
programs were instigated and supported entirely by private industry. Now the trend is toward 
governmental participation and control of such programs. 

Dr. T. H. Weller stated that poliomyelitis is a problem of increasing concern in the 
tropics. He then traced the important advances in research which have made a better under- 
standing of the disease and its prevention possible. 

At the first evening session Dr. Hugh Leavell reported briefly on a program of educational 
cross relationship between Harvard and a school yet to be selected in the Far East. Such a 
partnership should offer benefits to both parties. 

The second day of the conference was held in Boston, and Dr. Perdomo opened the meeting 
with a description of the health program developed by an oil company in Venezuela. This 
program furnishes complete medical care to more than 14,000 workers and, more significantly, to 
almost 55,000 dependents. The scope of the program and the lowering of sickness rates were given 
in some detail. 

Criteria for employment in the tropics were discussed by Dr. Hernando Velasquez as an 
internist, by Dr. W. D. Woodward as a psychiatrist, and by Mr. C. A. Shillinglaw as a non- 
medical personnel expert. Again emotional stability and maturity were stressed, with intolerance 
being given as a prime reason for rejection. 

As an aid to understanding the peoples of the Middle East, Dr. Colenso-Jones described 
the habits, rituals, and religions of that area. How these customs influence acceptance of a 
modern health program was described. Similar experiences in Indonesia were related by Dr. 
Wieger Bos. 

Fatigue as a major industrial problem was discussed by Dr. R. A. McFarland. Lessons 
learned from studies of vehicular-equipment drivers and of operational fatigue in aviation were 
given in some detail. With this background, fatigue and the necessity for rotation of service 
in tropical areas were examined. Indices of fatigue were given, and general methods of con- 
trolling operational fatigue were outlined. 

Trachoma is the eye disease of greatest world-wide distribution and importance. Dr. Phillips 
Thygeson discussed the clinical aspects of this condition and the modern methods of therapy, 
stressing particularly adequate use of the broad-spectrum antibiotics. 


Malaria is another disease of great significance in the tropics, and modern therapy of the 
condition was discussed by Dr. D. G. Davey. He showed the advantages and disadvantages 
of using chloroquine, Paludrine, and Daraprim and stated that quinine is no longer of importance. 
Dr. G. R. Coatney also discussed in detail the use of chloroquine, Daraprim, and primaquine. 


In the tropics, insecticides are a necessary tool in the eradication of disease. Dr. S. W. 
Simmons reviewed the use of such insecticides as D. D. T., benzene hexachloride, and some of 
the chlorinated hydrocarbons. The development of resistance to insecticides was described by 
Mr. F. H. Babers. Mr. R. M. Harris showed the economic value of an insect-control program 
when D. D. T. was used for mosquito control in a malarious area; the saving estimated for this 
one company was $350,000 per year. 

The third day of the conference was opened by Dr. H. N. Johnson who discussed arthropod- 
borne virus diseases. Dr. Johnson discussed the general epidemiological features of these diseases. 
Dr. J. C. Snyder added further remarks about the rickettsial diseases. 

Prof. C. P. Yaglou spoke briefly on human performance in excessive heat and stressed the 


fact that the end-point of tolerance can best be judged by the subject’s own feeling of heat 
stress or discomfort. 


Dr. T. B. Magath, in discussing the diagnosis of amebiasis, stressed the great importance 
of examining fresh stool preparations. This is preferred to culture methods and complement- 
fixation tests. Emetine is still the drug of choice in treating amebiasis, but the haloginated 
quinolines also have an important place. Some of the broad-spectrum antibiotics show promise 
in treating amebiasis, but more experience is needed for final evaluation. 
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Dr. Muschenheim reviewed the current trends in the treatment of tuberculosis, stressing 
particularly isoniazid, streptomycin, and PAS. There is a feeling that surgery in this disease 
is being delayed oftener than it is being advocated early. 

In the concluding paper of the conference, Dr. J. E. Gordon discussed population dynamics 
and the increasing problem of trying to provide enough food for an expanding population in 
most tropical countries. He also told of birth-control measures to be studied in selected areas of 
India. 

The outstanding note of this Conference was shown to be the necessity for industrial manage- 
ment and industrial medicine to work closely together in solving the problems of industrial 
tropical health. It was the unanimous opinion of those in attendance that a great deal of 
valuable information was made available, and all welcomed the suggestion that another conference 
be held in the future. Developments in industry, in government, in economics, and in medicine 
can best be viewed in proper perspective when discussed openly in a conference of this type. 

The editing of this volume has been done beautifully, and the excellent index adds much to 


the usefulness of the book. SHERMAN S. Pinto, Denver. 


Determination of Air-Borne Contaminants 


LigHT-SCATTERING STUDIES IN AEROSOLS WITH A NEW COUNTER-PHOTOMETER. CHESTER 
T. O’Konsk1 and Georce J. Dorie, Analyt. Chem. 27:694 (May) 1955. 


The functions of a recording light-scattering photometer and electronic particle counter were 
combined in a single instrument employing an improved right-angle optical system and a single 
electron multiplier phototube. Techniques were developed for standardization of the instrument 
4 by light scattered from filtered gases. As expected from theoretical considerations, the intensities 

5 ‘from helium, hydrogen, nitrogen, carbon dioxide, sulfur dioxide, and methyl chloride increased 
approximately with the square of the mean molecular polarizabilities. The limit of sensitivity 
of the photometer was 310-1 gm. per liter of a test aerosol, 0.34 in diameter. Procedures were 
developed for producing uniform aerosols from uniform hydrosols. Pulse amplitudes of test 
aerosols, 0.33, 0.54, and lu in diameter, obeyed the remarkably simple law of being proportional 
to the square of the particle diameters. The resolving power of the counter lies within a 
standard deviation of 8% in diameter, and the lower limit of sensitivity for single particles is a 
diameter of 0.3u. 


From THE AuTHoRsS’ SUMMARY. 


MICRODETERMINATION OF SuLFURIC Acip AERosoL. Eart R. GERHARD and H. F. Jounstone, 
Analyt. Chem. 27:702 (May) 1955. 


An analytical technique for the microdetermination of sulfuric acid aerosols was developed, 
in which the aerosol particles were collected by a high velocity impactor on a film impregnated 
He with thymol blue. The color change from yellow to red, resulting from the action of the sulfuric 
‘ acid drops, was measured by a photoelectric colorimeter attached to a low-power microscope. 
The film was calibrated by impaction of known quantities of sulfuric acid aerosol. The method 
was used to determine from 0.01y to 0.2y of sulfuric acid. It was reliable when the quantity of 
acid collected was controlled to give essentially uniform acid traces. The method detects the 
presence of any acid aerosol but is not sensitive to acidic gases. Alkaline gases which tend to 
neutralize the droplets affect the accuracy of the results. 


From THE AUTHORS’ SUMMARY. 


Gas CHAMBER MICROAPPARATUS IN IDENTIFICATION OF ArIR-BoRNE Pottutants. J. L. 
Monxmavy, Analyt. Chem. 27:704 (May) 1955. 


In the identification of air pollutants, samples on microslides, glass wool, or other holders are 
exposed to reagents in the vapor phase. The reactions are carried out in gas chambers of boro- 
silicate glass constructed from the two sections of a standard-taper joint. By breaking the 
chamber at the joint, the sample may be inserted and the joint closed, after which the sample may 
be exposed to a gaseous reagent or to several in succession. During the vapor treatment, micro- 
slide samples may be withdrawn at intervals for microscopic examination and photomicro- 
graphing. The composition of the effluent gas may be investigated by the use of paper disks 
sensitized for gases such as arsine or by infrared investigation of organic material caught on 
silica gel contained in absorbers downstream from the reaction chamber. 


From THE AUTHOR’S SUMMARY. 
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INSTRUMENTAL MEASUREMENTS OF VISIBILITY IN AIR POLLUTION StupIEs. GEorGE D. 
CLayTon and Paut M. Giever, Analyt. Chem. 27:708 (May) 1955. 


An instrument which measures transmittance (Transmissometer) was found to be a useful 
tool in air-pollution studies for measuring visibility in an urban atmosphere. It was relatively 
free of operating difficulties, required little attention, and was sufficiently sensitive to measure 
instantaneous variations in visibility. In a study of the relationship among data obtained with 
the instrument, the soiling power of the atmosphere, and the mass weight of the air-borne 
particulates, it was found that there was no correlation among these three different methods of 
measuring aerosols. Visibility measurement therefore cannot be used as an index of the soiling 
power of the atmosphere or the mass weight of the air-borne particulates. Rain removed from 
the atmosphere some aerosols which cause discoloration, while snow had no such effect. 


FroM THE AuTHOoRS’ SUMMARY. 


WatTER-CONTAINING JARS AND GREASED PLATES FOR DusTFALL MEASUREMENTS. RICHARD 
L. Ponp and R. R. Paxton, Analyt. Chem. 27:714 (May) 1955. 


In a comparison of two methods for measuring fall-out of dust from the atmosphere, 
cylindrical glass jars partially filled with distilled water were exposed beside 5 by 10 in. glass 
plates, coated with petrolatum (Vaseline), on small platforms 18 ft. above an open field. 
After exposure, the water from the jars was analyzed for total solids, both soluble and insoluble. 
The grease and dust were removed from the plates, using a petroleum ether benzene solution; 
the resultant slurry was filtered through a sintered crucible, and hydrocarbon insoluble dust was 
weighed in both an oven-dry and an ignited state. The standard deviation between concurrently 
exposed water jars was 12.6%. The comparable value between greased plates was 6.8%. Thus 
the greased plate procedure gave more reproducible results and, with but one exception, slightly 


higher dustfall rates. From THE AutHors’ SUMMARY. 


MONITORING FOR Toxic Dusts AND Fumes. A. H. C. P. Griiieson, Atomics 6:15-18 (Jan.) 
1955. 


The direct spectrographic monitoring of toxic inorganic dusts and fumes in factory 
atmospheres is discussed, with special reference to beryllium aerosols. 


Sc. Asst. 


Ventilating, Air Conditioning and Engineering Control 


INDUSTRIAL REODORANTS: THEIR UsEsS IN PLANT CONDITIONING Systems. B. K. 
TREMAINE, Air Cond. Heat. & Vent. 52:83-85 (Feb.) 1955. 


Industrial reodorants are specifically selected masking agents capable of canceling objectional 
plant odors by superimposing pleasant odors. Whi'e the principle is not new except in its mode of 
application, the development of products for use as reodorants has progressed markedly. The 
principles of odor masking are discussed briefly. A table of threshold concentrations of chemicals 
causing odor from the book, “Odors: Physiology and Control” by McCord and Witheridge, is 
presented. Precautions in the use of masking agents are outlined. A reodorant should never be 
used to cover up a toxic concentration of gas. Moreover, the objectionable odor concentration 

mn must not be so intense that the masking agent is itself required in objectionable concentrations. 
Some applications are described. No particular reodorants are recommended; choice must be 


made on the basis of the individual problem. Inpust. Hyc. Dicest. 


Tue DETERMINATION OF THE Dust ContTENT oF WaTER. D. G. BEADLE, Mine Vent. Soc. 
South Africa Month. Bull. 8:59 (April) 1955. 


The author states that the dust content of water to be used for dust suppression in gold mines 
should be controlled so that a further addition to the dust in the atmosphere is not made by this 
preventive measure. He carried out laboratory tests of the “deep-cell” method normally employed 
for this purpose and showed it to have a large experimental error. He goes on to describe an 
instrument which he has devised called a nephelometer. This instrument measures by a photo- 
electric method the amount of light reflected from particles of dust suspended in water. This 
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method is shown to be more accurate than the “deep-cell” method. A possible objection which the 
author discusses is that the instrument by measuring reflected light is really measuring the surface 
area of the particles and not their number. However, he is of the opinion that the surface 
area is a better indication of the danger of fine particles producing silicosis than is the actual 
number of particles (Beadle, D. G.: J. Chem. Met. & Min. Soc. South Africa, Aug., 1954). 


This instrument promises to be a valuable addition to existing methods for measuring dust 
hazards. Joun PemBerTON, M.D., Boston. 


PrIncipLes oF INpustRIAL Dust Removat. E. Watters, Staub, No. 36, pp. 228-251 
(June 15) 1954. 


This is a survey of available techniques, written for those concerned with the selection and 
operation of dust-removal equipment. Approximate limits are quoted for dust concentration 
and size likely to be encountered in practice. Suction apparatus, ventilation, and dust-removal 
methods are discussed; the various filter materials are compared, and electrostatic and ultrasonic 
methods of removal are mentioned. There are notes on choice of air velocity and on dust 


measurement. R. L. Gorpon [Butt. Hye.]. 


Accidents and Their Prevention; Protective Equipment 


SAFETY OF OVERHEAD MAINTENANCE WorKERS. C. GASKIN, Brit. J. Indust. Safety 3:106-111, 
1955. 


From time to time work has to be carried out overhead in factories. The plant and machinery 
require repair and maintenance; buildings call for decoration and repair; lighting fittings and 
electrical power fittings must be tended and repaired. Access for these purposes may have been 
overlooked. Ladders tend to be neglected and get out of repair; they may be used on uneven 
floors, at angles too acute or too obtuse. Ladders should be inspected periodically and tested 
for the purpose for which they are provided. In one engineering plant a collection of 250 ladders 
was made from odd corners all over the factory. Many were quite dangerous to use, and 100 
were thrown out, with advantage. The place where work is to be done must be safe and properly 
fenced. Platforms should have toe boards, 9 in. high, to prevent tools from falling. The Factories 
Act of today lays down precautions to be taken for overhead work, but it must be interpreted in 
spirit as well as in word if safety is to be ensured. Electricians too often disregard safety pre- 
cautions of which they are well aware; too often someone may restore a broken circuit, unaware 
of work in progress on the circuit. A warning should be the rule: “Danger! Men working on this 


circuit! Do not connect!” Special vigilance is called for by the safety staff regarding all over- 
head work. Corem. 


SaFeE Factory Fioors. R. M. Esparve, Brit. J. Indust. Safety 3:115-119, 1955. 


Factory floors present many problems for the architect. To be efficient, a factory must start 
with an efficient floor which must be a safe floor. A hole in the floor may mean a sprained ankle 
or a load spilled from a trolley and contaminated. Stress is laid here especially on joints—the 
joints between tiles or cement slabs. However resistant the surface of tiles may be, if the joints 
between them are not at least equally resistant, troubles will arise. Once joints crack, fluids 
penetrate to the basis of the floor and set up all sorts of disintegration. Floors must be laid with 
due regard to the loads they will have to carry and the fluids, either acid or alkali, they will have 
to resist. The best of tiles, if not smoothly bedded down, will crack when heavy loads frequently 
jar them. Floors must be laid with a view to cleaning; if this is by washing down, they must 
drain adequately. The breakdown of flooring slabs and tiles nearly always starts at the joints, 
whether due to trauma or to chemical action. An anticorrosive cement for bedding may be too rigid 
and insufficiently elastic or tough. Temperature changes may disrupt the bedding and superlying 
joints. A nonslip surface can now be obtained without risk of breakdown of the floor. The author 
certainly makes his point that expense is saved in the long run if an experienced expert is called 


upon to advise on the construction of factory floors. E. L. Corus. 
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ABSTRACTS FROM CURRENT LITERATURE 


PROTECTION OF WorKERS AGAINST DERMATITIS ON ExposuRE To Hyprazine Hypro- 
BROMIDE SOLDERING Fiux. W. A. Coox, Arch. Gewerbepath. 13:616-618, 1955. 


The fluxes commonly used, hydrochloric acid and stannic chloride, are primary irritants to 
the skin and also tend to corrode metal parts. Hydrazine hydrobromide and the hydrochloride 
are coming into use for brass and copper ; they do not corrode and are less irritating. Nevertheless, 
a 2% solution of hydrazine hydrobromide spattered on the skin will cause dermatitis. The high 
temperatures of soldering set up pyrolysis of this flux, with the production of a white fume. The 
constitution of the fumes is uncertain, but they irritate the nose and throat, with itching and 
burning of the eyes. Exhaust ventilation will prevent these effects, but enough flux is left on the 
metal parts being soldered to irritate the skin of the hands. These metal parts should be washed 
before being handled. Rubber gloves and rubber or plastic aprons and arm coverings are recom- 
mended. Petrolatum on the skin was found useful. Skin contact with hydrazine hydrobromide 
should be avoided. Exposure to inhaling the fumes arising from this flux during welding may lead 
to anorexia and loss of weight, in which case attention should be directed to minimizing exposure 
before more serious symptoms arise. The pyrolysis may lead to the production of hydrazine, which 
is known to be an exceedingly toxic substance. 


E. L. 


Radioactive Substances and X-Ray 


MARBLE AS A RADIATION SHIELD. M. Brucer, Nucleonics 18:65-67 (Jan.) 1955. 


Marble is an effective shield against gamma radiation. When used to its best advantage, it 
may compete economically with other materials. Where a few inches of extra thickness make 
no difference, marble is economically superior to lead. Where a few inches of less space make 
a large difference, marble may be economically superior to concrete. Lead equivalents of marble 


and concrete for x- and gamma rays are tabulated, and various kinds of marble are compared. 
Suggestions are given for the practical use of marble 


Atomic Boms InjurtES AMONG SuRVivors IN HrrosHiMa. M. L. 


RK: ynotps and F. X. 
Lyncu, Pub. Health Rep. 70:261-270 (March) 1955. 


The primary purpose of this statistical study of 6343 survivors of the atomic bombing of 
Hiroshima on Aug. 6, 1945, is to show the relationship of injuries to the type of protection the 
people had and their distances from the blast. The histories and interviews were collected by the 
Joint Army-Navy Commission which investigated the effects of the disaster a few months later. 
Factors which limit the data and make interpretation difficult include uncertain estimates of the 
numbers of exposed persons, deaths, and injuries. The sample includes 5136 injured and 1207 
uninjured ; all of these were reportedly within 13,000 ft. (2.5 miles) of ground zero and were able 
to escape from the area of greatest damage either alone or with minimum assistance. More than 
half of the injured had mechanical injuries (lacerations and contusions), which occurred more 
frequently indoors than out; 45% had flash and/or flame burns, occurring more frequently out- 
of-doors ; and 34% had radiation injury, which occurred chiefly among persons within 6560 ft. of 
ground center and was the commonest injury within 3280 ft. Forty-two per cent of the exposed 
persons were out of doors, and seventy-six per cent were presumably unshielded and thus 


exposed to the full effect of the explosion. Max Banat, Becton 


CONFERENCE OF THE BRITISH OCCUPATIONAL HYGIENE SOCIETY ON RADIATION HAZARDS IN 
Inpustry: I. HEALTH OF WoRKERS ExPposED TO IONIZING RApIATIONS, A. S. McLEAN; 
II. RADIATION SAFETY AT AN Atomic ENERGY Factory, D. R. R. Farr; III. Protection 
Acarinst X-Rays AND GAMMA Rays IN THE INDUSTRIAL FIELD, W. Binks; IV. SAFETY 


Criter1A IN Atomic Enerey, F. R. Farmer, Brit. J. Indust. Med. 12:143-168 (April) 
1955. 


This collection of papers gives a rather complete discussion of industrial radiation hazards. 
Among the topics included are radiation pathology, detection and measurement of ionizing radia- 
tion, maximum permissible doses, physics of radiation shielding, and safety record of the British 
atomic energy industry in relation to that of British industry at large. 


K. W. NEtson, Salt Lake City. 
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Particle Size Determination. By R. D. Cadle. Price, $5.50. Pp. 303. Interscience Publishers, 
Inc., 250 Fifth Ave., New York 1, 1955. 


This compact volume, No. 7, in a series of manuals on analytical methods in various special 
fields, covers the subject of particle size determination well. Necessarily, each of the several 
methods is dealt with briefly but in sufficient detail to guide the beginner in this special field of 
measurement and analysis. Experienced persons in the field will also find it a convenient summary 
of the many techniques and procedures. 

The 10 chapter headings indicate the scope of coverage: Introduction; Treatment of Data; 
Sampling Methods; Optical Microscopy; Electron Microscopy; Sieve Analysis; Sedimentation 
and Elutriation; Surface Area Measurement; Optical Methods, and Miscellaneous Methods. 
Methods of analysis developed during World War II and since are brought together with the 
older and more familiar techniques. The chapters on electron microscopy, surface area measure- 
ment, and methods based on light scattering are particularly welcome. The references included at 
the end of each chapter are wisely limited in number and appear to be well chosen. They have 
been selected as working references for those who wish to extend their skills in particle size 


inning s vered by the manual. > 
determination beyond the beginning stage covered by the manual Macce. 


The Back and Its Disk Syndromes. Second edition. By Philip Lewin, M.D., F.A.C.S., 
F.I.C.S. Price, $18.50. Pp. 942, with 371 illustrations and four plates in color. Lea & 
Febiger, 600 Washington Sq., Philadelphia 6, 1955. 


This book represents a comprehensive review of the literature on back disorders. On the 
whole, the emphasis is on treatment, with detailed outlines of conservative measures, including 
a liberal number of excellent illustrations of bracing, manipulations, and exercises. The discussion 
of operative technique is also well done again, with carefully chosen illustrations as guides for 
the experienced surgeon. 

Although the text is particularly aimed to benefit the physician or surgeon treating industrial 
or traumatic back disorders, anatomy, physiology, and differential diagnosis are discussed in 
great detail. This includes critical analysis of the literature, so that it is an excellent general 
reference book for all physicians and students interested in back problems, whether medical or 
surgical in nature. 

In criticism, one would suggest in future editions more comprehensive discussion of the use 
and abuse of physical procedures in treatment, such as the various forms of heat, including dia- 
thermy and ultrasound, massage and therapeutic exercise. 


ARTHUR L. Watkins, M.D., Boston. 


Methods for Determining Lead in Air and in Biological Materials. By the Committee 
on Chemical Procedures of the Occupational Health Section, A. P. H. A. Price, $1.25. Pp. 
69. American Public Health Association, Inc., 1790 Broadway, New York 19, 1955. 


This is a revision of the bulletin of the same title which was published in 1944. Following an 
introduction in which fundamental principles are considered, there are sections on collection of 
samples, preparation of samples for analysis, and recommended procedures, which include four 
dithizone methods, a spectrographic method, and a polarographic method. In addition, a limit 
test for pharmaceutical chemicals is given. 

The first portion of this booklet deals with principles with which every analyst who deals 
with the microdetermination of lead should be familiar. There are, however, a few controversial 
statements ; for example, the recommendation that only the electrostatic precipitator is satisfactory 
for collection of lead fume. 

Most industrial hygienists will be primarily interested in the dithizone procedures which are 
listed. These include extraction with high pH with bismuth removal, U. S. P. H. S. mixed color 
when bismuth is absent, lead titration method, and a rapid screening test. In all but the last of 
these a double extraction with dithizone is used. It would seem to the reviewer to have been in 
order to have included the A. C. G. I. H. approved method for determination of lead in air. 
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In general, this booklet does not contain much that is new but does have a more detailed 


discussion of the fundamentals of lead analysis than will be found in most procedures. In view 
of its modest cost it is recommended to industrial hygiene laboratories and others who are 
concerned with the lead problem. 


H. B. ELxkrns. 


Wiederbelebung (Resusciation). By Prof. Dr. H. Killian and Priv.-Doz. Dr. A. Dénhardt. 
Price, linen-bound, DM. 24 ($5.70). Pp. 320, with 93 illustrations. Georg Thieme Verlag, 


Stuttgart, Germany; in U. S. A. and Canada, International Medical Book Corporation, 
New York 16, 1955. 


As pointed out by the authors, the title “Wiederbelebung” covers more than resuscitation in 
the American sense of the word, inasmuch as it refers to the reanimation of the various central 
and autonomic functions of respiration, circulation, and gas and general metabolism. The book is 
written primarily for physicians and presents, in addition to the technical aspects, in detail the 
physiological bases for such procedures. Accordingly, after a short historical review of the 
subject, the authors discuss the physiological aspect of resuscitation, with reference to respira- 
tion, circulation, heat regulation and conservation, kidney function, effects of skeletal and 
muscular injuries, psychosomatic trauma, and the fundamentals of medicinal stimulation of the 
vegetative system. This section is followed by a critical discussion of the various methods and 
measures used for improving these functions and the use of analgesics in accidents. There fol- 
lows a section on transportation of victims of accidents, and finally a section on special types of 
asphyxia, hypoxia, and anoxia. The various subjects are discussed authoritatively and are very 
well documented by references. Many controversial aspects are discussed in great detail. The 
style is clear and concise; the print, excellent ; and the book should be of great interest and value 
to physicians and students of the subject. It can only be highly recommended. 


W. F. von OETTINGEN. 


Meteorology and Atomic Energy. By U. S. Department of Commerce (Weather Bureau) 
for U. S. Atomic Energy Commission. Price, $1.00. Pp. 169, with 111 illustrations. U. S. 
Government Printing Office, Washington, D. C., 1955. 


Methods, techniques, and suggestions for the collection, analysis, and use of meteorological 
data are presented in 12 chapters. Several chapters are mathematical in scope and present 
various meteorological diffusion theories, their practical application in prediction of the behavior 
of stack effluents under differing climates and weather conditions, as well as the correlation of 
this behavior with measurements of the existing meteorological parameters. 

The importance of meteorological surveys preceding selection of sites for atomic installations 
is discussed. It is important to avoid unsuitable local weather, such as inversions, severe air 
turbulence, as these conditions affect the discharge of stack effluents. 

The manual presents the fundamentals of meteorology as they apply to air pollution. The 
effect of local terrain, diurnal changes, inversion, temperature profiles, and other factors influ- 
encing the diffusive capacity of an air mass are discussed fully. 

The manual also considers reactor disasters, the behavior of explosion debris, and the results 
from nuclear weapon air, surface, and subsurface bursts. Fall-out, wash-out, and rain-out of 
radioactive debris from air-borne clouds are discussed under no precipitation and precipitating 
weather conditions, with resulting ground deposition. A monogram for the ready computation 
of maximum fall-out and wash-out is included. 


A brief discussion is given of radioactive cloud dosage; calculations and reactor hazard 
analysis, with a check list of meteorological factors to be considered, are presented as part of the 
safety program. This discussion applies especially to the evaluation of the hazards of a reactor 


explosion but also to the evaluation of hazards resulting from planned routine release of radio- 
active material to the air. 


E. E. MusGrave, M.D. 


Plant and Process Ventilation. By W. C. L. Hemeon. Price, $9.00. Pp. 437. The Industrial 
Press, 93 Worth St., New York 13, 1955. 


This book is a manual or handbook of industrial ventilation which can be applied by plant, 
industrial hygiene, and ventilation engineers. The book contains 16 chapters. 

Some threshold limit categories discussed in Chapter 1 are apt to be questioned, since most 
ventilation engineers may be unable to follow the various distinctions made for solvents and 
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vapors without some toxicological background information. One interesting table presented in 
this chapter is the “Sight-Perception Dust Scale,” which is the author’s subjective impression in 
terms of visibility and dust concentration. 

In Chapter 2 dynamics of particles and of particle projection are discussed at length. In 
Chapter 3 the author introduces a new terminology for dispersion mechanisms. For example, he 
has coined the word “pulvation,” defined as “the non-molecular mechanical or physical process 
whereby dust or mist becomes suspended in air from a previous state of rest.” Similarly 
“inertials” are defined as large particles having relatively high inertia. Particles of mass greater 
than unity, with a size greater than 1# in fundamental particle dynamics, are considered to have 
significant inertia. This terminology then might be confusing if applied to filtration principles or 
similar applications. 

Methods of producing “pulvation,” such as grinding and impact, are illustrated. Another term 
“splash” is described as the sudden compacting in bulk of falling dusty material. This chapter 
presents some interesting concepts, and there is much that is commendable, although some of the 
nomenclature might be improved. The creation of new words or combinations of words in any 
engineering field can always create confusion and therefore demands careful definition and 
explanation. 

Chapter 4 is an original and excellent treatment of problems occurring with dispersion. Large 
particles are compared with fine dust particles in conjunction with general principles of hood 
design. 

Chapter 5 describes local exhaust hoods, primarily from their geometry. The deviations of the 
geometric concept from experimental work are given, with applications of Dalla Valle’s equation. 
The treatment on slot velocity contours is weak. The author introduces the question of the 
reliability of the heated thermometer anemometer, without presenting any evidence as to its 
deviations for validity or pointing out that the general agreement of velocity contours for slot 
openings by all observers was excellent. The question of variance applies to round rather than 
to slotted openings. The variation of any velocity measuring instrument, whether it be the double 
Pitot tube or the heated thermometer anemometer, when compared with calibration and actual 
use conditions, is a factor which has not been resolved completely. The author should have been 
more descriptive or avoided the question of the controversy which does not affect the practical 
considerations. 

Chapter 6 again introduces new terminology, namely, “null-point” and “loss-and-recapture.” 
The concept presented is a zone in which air velocity must be established to overcome air currents 
and trajectory of larger particles carrying dust behind it. Brief consideration is given to the rate 
of generation of contaminants, a subject with which the reviewer is heartily in agreement. It is 
doubtful whether it can be applied to dusts. The reviewer does agree that quantitative data on 
generation rate cannot be obtained in practice. This is a subject for further investigation, at 
least to define limits on which little information is available. The approach the author uses leaves 
too much to the judgment of inexperienced observers. Some problems require imaginative 
approaches by the observer. The “salvage zone,” a zone extending from the primary control 
contour to the 25 f. p.m. contour, is shown by an example and defined by an equation. 

Design data and arrangements are shown for operations, such as buffing wheels, flux fumes, 
tanks, powder transfer, and similar cases. Empirical equations are developed for several cases. 
A discussion of paint spray booths and open surface tanks is presented with the use of appropriate 
ASA data. The author takes exception to some ASA factors, which he states to be unnecessarily 
complex. The information presented on laboratory hoods is out-of-date both as to design and as 
to principles of good face velocity distribution. 

In Chapter 7 the author introduces some mathematical concepts on materials handling, which 
are not yet substantiated by actual measurements and so should be used with caution. The 
development is applied to crushers, hammer mills, elevators, and screens. 

Chapter 8 is an excellent treatment of hot processes, translating convective heat transfer 
formulas into canopy-hood design considerations. For high canopy hoods Sutton’s meteorological 
dispersion formulas are adapted. The ineffectiveness of high canopy hoods is well illustrated. 

Free air jets and air curtains are the subject of Chapter 9, a comprehensive review of existing 
data applied to industrial problems. General ventilation is related to dilution ventilation, and dis- 
tribution of air is discussed next. The terminology presented is that of previous published articles 
by the author and brings in such concepts as “small area evaporation,” “boundary convection 


66 


area,” “close work,” and “long arm work,” described and illustrated by examples. 
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Duct design is treated in the next chapter in a conventional manner. This ‘is followed by 
Chapter 12 dealing with dust exhaust systems. Design principles, comparing an unbalanced with 
a balanced system, are presented as in a previous article. To illustrate the point, some exaggerated 
velocities for exhaust ducts are selected in the one case as compared with the others, but the 
object will be readily understood. 

Chapter 13 deals with environmental exposures because of radiation and convection and the 
effects of air flow upon them. 

Field data collection and design data assembly are covered in Chapter 14, with information of 
considerable interest to field engineers. The chapter gives good examples of the kind of informa- 
tion needed. Fans and other air movers are detailed in the next chapter. In addition to fan 
characteristics, a complete discussion is presented on injectors and chimneys. 

The last chapter is devoted to exhaust air cleaning and dust collection. It is perhaps the 
weakest because of inadequate coverage and organization. The discussion on centrifugal collectors 
is so brief as to be valueless. Most of the discussion is confined to shaking-type bag collectors, 
but it does not discuss problems of temperature, maintenence, and economics. Unit collectors are 
described very briefly. Reverse-jet units are not covered. 


The reviewer does not agree with all the concepts presented and takes exception to some of 
the terminology, but the author is to be highly commended for having assembled a thought- 
provoking book with many good examples and approaches. It will be a valuable addition to all 
ventilation engineers’ libraries. 


LESLIE SILVERMAN. 


Gewerbliche Vergiftungen (Industrial Poisoning). By. Dr. Ludwig Teleky. Price, DM. 69. 
Pp. 414, with 16 illustrations. Springer-Verlag, Reichpietschufer 20, Berlin W. 35, Neuen- 
heimer Landstrasse 24, Heidelberg, and Gottingen, Germany, 1955. 


Dr. Teleky, who was one of the leading German physicians and pioneers in the field of 
industrial medicine and who has been active in this field for half a century, has given us the 
privilege to share his vast experience in this field. As pointed out by the author, this treatise on 
industrial poisoning is restricted to those poisonings which represent a more or less frequent 
risk in certain operations. It deals with their causes, character, occurrence, and, above all, with 
their clinical pictures. Because the book is primarily planned for the use of physicians engaged in 
the treatment of such conditions, experimental studies and engineering problems are not 
discussed. In the introduction the author reviews briefly the legal and insurance aspects of 
industrial poisoning in different countries and the general prophylactic measures. He describes 
68 types of industrial poisoning and mentions briefly an additional number of less common 
types. It is understandable that some of these, to which the author has made his greatest contribu- 
tions, such as poisoning by lead mercury and benzene, should be discussed in greater detail than 
others, but this personal touch makes only more interesting reading. The various clinical pictures 
are illustrated by many case histories and documented by numerous references to the world 
literature. The book furnishes a wealth of information on the clinical pictures of industrial 
poisonings and their causes, and it can be highly recommended to all who are interested in this 


field. W. F. von Oettincen, M.D. 


Problems and Control of Air Pollution. Proceedings of the First International Congress 
on Air Pollution, sponsored by the American Society of Mechanical Engineers. Edited by 
Frederick S. Mallette. Price, $7.50. Pp. 272. Reinhold Publishing Corp., 430 Park Ave., 
New York 22, 1955. 

These Proceedings open with a splendid paper by Sir Hugh Beaver, Chairman of the British 
Government Committee on Air Pollution. He faces their problem squarely (as did the final 
report of his Parliamentary Committee). The second paper by Pendray, of New York, gives the 
best presentation we have seen on management’s problem—what to do about the pollution certain 
to come with ever-increasing demands for power. On that same line, Stern shows graphically 
where the size of the population of a city spells serious pollution. 

An excellent technical paper by Davis and Holtz (Bureau of Mines) on the Exhaust Gases 
from Diesel Engines shows clearly the possibilities and the limitations in use of diesels under- 
ground. The application of the authors’ data to modern city pollution problems is obvious. 

There are several good papers on the physics of the pollution problem and a whole section 
(about 100 pages) on Sulfur Dioxide: Treatment and Recovery. This includes the problem in 


power plants and in the heavy industries, notably steel. Puiu Darinxer. 
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Proceedings of the Third National Air Symposium. Sponsored by Stanford Research 
Institute and others, Pasadena, Calif., April 18-20, 1955. Price, $5.75, paper. Suite 500, 
727 W. Seventh St., Los Angeles 17, 1955. 


Previous meetings of the National Air Symposium were held in 1949 and 1952. All had the 
sponsorship of the Stanford Research Institute, California Institute of Technology, University of 
California, and University of Southern California, while this meeting had the active help and 
cooperation of the Air Pollution Control Association and the newly formed Air Pollution 
Foundation. 

Los Angeles is facing the problem of air pollution, and one of its most effective weapons is to 
call together every so often groups like those which participated in this symposium. They took 
good care of us; their hospitality was close to overwhelming but always pleasant; the meetings 
and papers were very well run—they were well timed; and the seating arrangements were a lot 
better than one finds at most national societies’ meetings. 

Dr. F. W. Went’s paper on the Global Aspects of Air Pollution is all too brief, as reported, 
the subject being presented much better by him in his Scientific American paper (Scient. Am. 
192:63 [May] 1955). This paper and one by Benedict and Green, of Stanford Research Institute, 
on the Use of Weeds as a Means of Evaluating Vegetation Damage show the universality of the 
problem as probably nothing else could. The presentation of both papers was accompanied by 
excellent slides, many in color, which could not be published. Went shows in one slide the relation- 
ship between plant damage and gasoline consumption and points out that in some of the major 
cities of the world, such as Paris, he had not found significant damage to plants until the general 
use of high-octane gasoline. A forecast of this theory had already come from Stanford Research 
Institute via Haagen-Smit. 

A new item was the preliminary report by U. S. P. H. S. comparing dust concentrations in 
various cities of the United States, with cities grouped by size and scattered all over the United 
States (one being in Alaska), and in London, England. 

The physics of air pollution and the clinical aspects have full sections, the latter being more or 
less in the shape of a progress report and the state of the present knowledge. The legal aspects 
come in for their fair share. At a luncheon meeting a hopeful note was sounded by Zeder, of 
Chrysler Corporation, on the automobile industry’s responsibility in maintaining clean air in our 
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OCCUPATIONAL DISEASES 


The Ohio Story 


This article originally was prepared for a group 
of general physicians. It relates the underlying 
philosophy, the some of the 
practical applications of a state occupational health 
program. 


organisation, and 


In Ohio, the industrial population com- 
prises 2,300,000 workers who are potentially 
subject to occupational diseases and indus- 
trial health hazards resulting from exposure 
to toxic substances in their working environ- 
ment. These diseases may be of a serious 
nature affecting the various vital organs and 
systems of the body, depending upon the 
nature of the toxic fumes, mists, 
and the concentrations 


dusts, 
vapors, or gases 
involved. 

In general, a broad classification of occu- 
pational diseases due to physical and chem- 
ical agents may group the causative factors 
into the following four categories : 

(1) Toxic dusts, mists, fumes, vapors and gases 


(2) Physical states of the environment, such as 
temperature radiant energy, and noise 


(3) Mechanical factors, such as pressure, physical 
strain, and movement 


(4) Infectious agents connected with industrial 
occupations. 


Chemicals may be absorbed through the 
skin, inhaled through the respiratory tract, 
or taken through the digestive tract owing 
to contamination at work from improper 
work processes or owing to lack of adequate 
cleaning facilities and personal protective 
measures, Chemicals in general vary in their 
toxicity ; their effects may be acute or chronic 
and may affect one or more organs at 
different times. We know, for example, 
that silica, asbestos, and beryllium produce 
changes in the lungs with physical disability 
of long or permanent duration. Benzene and 
other solvents produce diseases of the blood 
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Carbon _tetra- 
chloride, tetrachloroethane, and other haloge- 
nated hydrocarbons produce toxic effects on 


and blood-forming organs. 


the liver and kidneys. Manganese, mercury, 
and carbon disulfide affect the brain and 
central nervous system. 

Some chemicals may produce specific 
cancers, such as cancer of the bladder due 
to aromatic amines. Destructive changes in 
the bone have occurred due to arsenic and 
phosphorus. Perforations of the nasal septum 
as well as lesions of the oral cavity result 
from excessive exposure to chromium, alka- 
lies, and acids. The gastrointestinal tract is 
affected symptomatically by chemicals cap- 
able of acting as systemic poisons. 

Gases such as carbon monoxide, phosgene, 
and cyanogens cause asphyxiation, while 
other gases, such as nitrous oxides, produce 
chemical pneumonias. Exposure to x-rays 
and emanations from radium may produce 
serious burns and cancer, while the blood 
and blood-forming organs are also pro- 
foundly affected by radiation. Infrared rays 
may produce cataracts, and methyl alcohol, 
blindness. 

Occupational dermatoses are the most fre- 
quent of the industrial diseases and result 
from exposure to chemicals which act as 
primary skin irritants or as skin sensitizers. 
Incidentally, it is characteristic of these 
dermatoses that the symptoms disappear 
when the person is taken away from the 
working environment and usually reappear 
on reexposure unless preventive measures 
have been taken. 

The magnitude and complex nature of the 
occupational disease problem is reflected in 
the number, variety, and location of indus- 
tries. There are over 12,500 manufacturing 
industries utilizing hundreds of varied chemi- 
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cals and materials which necessitate exposure 
of individuals to toxic dusts, fumes, vapors, 
mists, and gases and other factors evolved 
during the manufacturing processes. Ohio 
leads the nation in the production of steel 
and glass and in the number of foundries 
as well as in the manufacture of electrical 
appliances and in the ceramic arts. The state 
is noted for its wide variety of manufactured 
products and industries in all sections of the 
state. 

The state of Ohio has a rather remarkable 
distribution of industries both large and 
small within its various counties, and there 
is hardly an area which does not have some 
form of industrial employment. Even agricul- 
ture presents important occupational health 
problems through the widespread use of 
chemicals in the spraying of crops and the 
various insecticides. Lead, arsenic, nicotine, 
and D. D. T. have been commonly recognized, 
but the recent increasingly used organic 
phosphates, such as parathion and TEPP 
(tetraethylpyrophosphate), have been dra- 
matic and deadly in their toxic effects. 
Occupational diseases, then, may occur under 
a variety of conditions and in a tremendous 
number of different environmental ex- 
posures. 

We know that 98.6% of all the manu- 
facturing industries in the state of Ohio, 
exclusive of transportation, agriculture, and 
construction, have 1000 or fewer employees. 
Generally speaking, small industries do not 
have adequate medical service. This is par- 
ticularly true of industries with fewer than 
500 employees. 

The lack of medical service represents a 
tremendous need, long recognized, which 
requires a coordinated effort for improve- 
ment. Unless there are physicians to take 
care of the employees and proper arrange- 
ments made for satisfactory medical services, 
occupational diseases can be neither recog- 
nized nor controlled. Basically, the founda- 
tion for the prevention and control of occu- 
pational diseases relates to the provision of 
adequate medical services to these industries. 

The physician has a responsibility to his 
patient for the correct diagnosis of an occu- 
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pational disease. The recognition of an oc- 
cupational disease not only affects the prog- 
nosis but also may modify the course of 
treatment. Under certain conditions, further 
work might prolong the exposure and there- 
fore aggravate the illness, whereas removal 
from work may result in prevention and 
cure. Similarly, certain specific industrial 
diseases have contraindications or require- 
ments, such as alcohol, for example, which 
will adversely affect a person who has 
been exposed to carbon tetrachloride, and 
atropine, which is a necessary emergency 
treatment for insecticide poisoning due to 
parathion. 

If the physician recognizes as the etiologic 
agent certain solvents, like carbon tetra- 
chloride or other chlorinated hydrocarbons, 
he can estimate the damage to the liver or 
kidneys as well as the disabilitv, and he can 
then determine the choice of treatment of 
the occupational disease. 

The proper diagnosis and treatment of 
an occupational disease also helps a patient 
financially in the sense that all occupational 
diseases are covered by compensation in 
Ohio, and the medical cost, treatment, diag- 
nostic tests, and hospital bills are paid by 
the Industrial Commission when the proper 
claim application has been filed and approved 
on a particular worker. 

Unfortunately, few physicians have a per- 
sonal acquaintance with the working en- 
vironment of their patients. The symptoms 
of lead colic and acute appendicitis, for 
example, can be and have been confused. 
but a physician with a knowledge of the lead 
exposure of his patient would be in better 
position to evaluate his illness. Again, we 
find that manganese poisoning and multiple 
sclerosis have twin-like symptoms. How 
many physicians would look for manganese 
poisoning in a patient employed in the manu- 
facture of dry batteries? It is necessary for 
the physician, therefore, to obtain an accu- 
rate occupational history from workers who 
become their patients. 

The patient, in turn, has a responsibility 
to the physician to provide him with com- 
plete and accurate data of his work as well 
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as to report all his symptoms and the factors 
relating to the illness. In short, every time 
a working man goes into a doctor’s office 
when he is being treated for an illness, he 
should provide the doctor with some infor- 
mation about his occupation, the number 
of years he was employed at that type of 
work, the materials he handles, and the sub- 
stances to which he is exposed. The doctor 
then would include this information on the 
worker's case history card. It is because this 
information is seldom given to the doctor 
that difficulties have occurred and occupa- 
tional diseases pass unrecognized. The pa- 
tient should bring the work place to the 
doctor. 

The physician has a responsibility to his 
industrial employer to provide adequate 
physical examinations on employees referred 
to him. This is of financial importance to 
the company in the sense that cursory exam- 
inations may pass over the recognition of a 
physical condition or preexisting disease, 
with the consequence that the person may be 
employed and the disease further aggravated 
by the employment. Under such conditions, 
the company is then subject to compensation 
costs for any disease or illnesses which result 
from the aggravation of any previous con- 
dition. 

The most obvious considerations in this 
regard are diabetes, syphilis, and heart 
disease. Actual cases have occurred with 
considerable damage to the individual as well 
as considerable financial loss to the company. 
The loss of a foot or leg in a diabetic and 
nonhealing fractures of a syphilitic are two 
illustrations which emphasize the necessity 
of adequate examinations. At the same time, 
in the conduct of these physical examina- 
tions, the physician must keep his records 
confidential, on a proper physician-patient 
relationship, and not release information 
without the consent of the patient he has 
examined. 

The physician must also guide manage- 
ment in the establishment of proper employ- 
ment policies concerning persons who are 
handicapped, those who have had _tuber- 
culosis or venereal disease, and problems of 
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maternity and women in industry in regard 
to their proper placement. Certain basic 
principles relating to these employment 
policies have been expressed by national 
organizations in these fields. It is equally 
necessary for the physician to keep adequate 
records of these physical examinations as 
well as the diseases, injuries, and deaths 
of workers for current and future reference. 

The recognition of an occupational disease 
by the physician is a basic necessity before 
he can seek to determine the cause and 
undertake preventive measures in order that 
other cases may not occur. By isolating or 
controlling the problem, the physician de- 
creases compensation costs and maintains 
production for the employer. The direct and 
indirect financial loss due to training of new 
personnel, interruption of production, or loss 
of experienced employees in small plants 
has real meaning to the plant owner. Such 
an effort by the physician also facilitates 
a favorable public response to the plant in 
establishing it as a safe place to work. 

The employer, in turn, has a responsibility 
to the physician in designating to him the 
proper authority and responsibility to insure 
that there will be no infringement of medical 
ethics or prerogatives. Also the employer 
should provide the physician with authentic 
information about the toxic substances used 
in the industry which may affect the em- 
ployees, their identification, quantities in- 
volved, and subsequent changes in manufac- 
turing processes involving toxic substances 
which may occur. The plant physician should 
be provided with an opportunity to study the 
plant processes and the necessary first aid 
facilities or personnel, and he should be 
given remuneration necessary to perform 
industrial medical services of high caliber. 

The physician has an important responsi- 
bility to the community for the prevention 
of a disability or illness which may result 
in an economic loss, whether due to injury 
or to sickness, for this, in turn, decreases the 
ultimate financial responsibility of a com- 
munity to maintain people who are unable 
to work. 
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The responsibility of a physician in the 
prevention and spreading of a communicable 
disease such as diphtheria or smallpox is 
well recognized. Here, assistance is given 
to the community by the reporting of the 
communicable disease to the local health 
officer with the subsequent identification of 
the carrier or source of contamination and 
means of spread. These are dramatic and 
evident means of prevention through the 
efforts and cooperation of the general prac- 
titioners. We have exactly the same situation 
in regard to occupational diseases, with the 
exception that only in unusual circumstances 
will they occur in epidemic fashion. How- 
ever, the responsibility of the physician is 
a legal one which was established in 1920 
by the General Assembly of the state of 
Ohio “that every physician who is called 
in or attends a patient with an occupational 
disease is required to report the occupational 
disease within 48 hours to the State Depart- 
ment of Health on a form set up for that 
purpose.” 

These reports of occupational diseases 
which are sent to the Ohio Department of 
Health from all areas of the state form the 
basis for an epidemiologic evaluation of the 
geographic distribution of diseases, their 
type, the number, and the industries involved 
which are plotted as is done in communicable 
diseases. 

An illustration of this point is the large 
number of occupational dermatoses which 
were found to be occurring in a particular 
city in Ohio. The occupational disease re- 
ports, however, did not come to our attention 
from the physicians but from the newspaper 
releases that an epidemic of dermatitis had 
occurred which resulted in a_ threatened 
strike at a certain plant. We were called in 
to determine the cause of the dermatitis 
and found that it was due to a change in 
the glue process used in the manufacture 
of automobile seat covers. 

If there had been proper reporting of the 
occupational diseases in this instance, the 


problem would have been spotted on an 


epidemiologic basis by the Ohio Department 
of Health long before it became a major 
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problem in the community, causing a labor- 
management dispute in addition to the effect 
on the employees’ health. 

The physician by fulfilling his responsi- 
bility in the reporting of an occupational 
disease to the official state agency enables, 
then, the technical resources of the state 
to be placed at his disposal in the identifica- 
tion and correction of a problem. The State 
Health Department has a technical staff 
consisting of medical, engineering, and chemi- 
cal units which conduct the necessary indus- 
trial hygiene studies. These studies comprise 
the evaluation of the manufacturing materials 
and processes ; atmospheric determination of 
toxic dusts, fumes, mists, vapors or gases; 
measurements of illumination and ventila- 
tion; analysis of chemical composition of 
materials and processes to which the workers 
are exposed ; evaluation of medical and nurs- 
ing services in plants; necessary protective 
measures, and industrial toxicology. 

Each type of industry and_ individual 
plant poses specific industrial health prob- 
lems. In each instance of occupational dis- 
ease, there are medical and engineering 
control measures which can prevent the 
occurrence of additional cases and can con- 
trol the extent of the toxic exposures. The 
medical and engineering control measures 
required are designed for the specific proc- 
ess, Operation, or toxic substance involved, 
in order that the maximum allowable con- 
centrations be within the limits specified by 
the regulations adopted by the Public Health 
Council in 1946. 

In effect, the general practitioner has, 
through the use of the state facilities, a tech- 
nical arm, so to speak, for use in the identifi- 
cation and control of suspected environmental 
factors within the industry in order to 
carry out his responsibility to his patient, 
to his employer, and to his community. 

“Association” of factors from observations 
is manifest daily in the practice of medicine, 
especially when one correlates symptoms 
and physical findings in the examination of 
a patient, The “association” I wish to empha- 
size is that relating to a group rather than 
to an individual, such as a group of workers 
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or a community at large. Perhaps a few 
illustrations will help. 

Let us begin with an event in a small 
town where invitations extended to 
attend a community supper. The 


were 
meal was 
served on a Saturday evening, and four 
to eight hours later the people who attended 
became ill with nausea, diarrhea, and vomit- 
ing. The doctor who was called to many 
of the homes recognized the symptoms of 
food poisoning. He discovered that all the 
patients had the same symptoms, all ate 
the 
same time. The doctor associated the cause 


the same food at the same place and at 


of the disease with the eating of this particu- 
lar meal. 

Now let us take an example of “associa- 
tion” relating to industry. We find workers 
cleaning out a tank with a solvent called 
car)on tetrachloride in a room that is not 
properly ventilated. A number of workers 
become ill and collapse. Since their work is 
the one common factor in their history, it is 
evident that their illness is directly associated 
with their work. 

These two examples or illustrations of 
“association” which | have described to you 
are immediately observed because they relate 
to an acute incident producing an acute 
disease, that is, the development of a disease 
or illness from a few hours to one or two 
days following exposure. 

Let us now consider the chronic type of 
exposure. Some 200 men worked in a plant 
which manufactures chromates and about 12 
to 15 years later a significant group of the 
men developed lung cancer and died. In 
another plant, where dyes were manufac- 
tured, observations showed that 20 years 
later deaths from bladder cancer among the 
employees were far greater than one might 
exrvect. neither did the 
their families, or their physicians 


case workers, 


“associ- 


ate” this particular disease or death with 
employment because of the so-called latent 
period, the long time it takes between occu- 
pational exposure and the actual development 
of the disease. This type of exposure, then, 
is frequently described as chronic, and the 
development of disease and symptoms may 
be delayed weeks, months, or years after 
the occupational exposure occurred. Beryl- 
liosis, for example, may occur as long as 
12 vears after exposure. 

There are difficulties, too, in this matter 
of “association.” We realize that there are 
hundreds of chemicals being used and intro- 
duced in various combinations in industry 
that may cause subsequent serious effects 
on the human body and that symptoms of 
disease may often develop months or years 
aiter the critical exposure. In addition, the 
last place of employment is not necessarily 
the work place where the initial exposure 
occurred. Workers move from job to job, 
and the recognition of an “association” of 
such an exposure and the detection of the 
chronic disease which may develop require 
work histories and 


comprehensive some 


knowledge of substances used in various 
industries. 
Undoubtedly many occupational diseases 
are classified as nonoccupational in origin 
and have been unrecognized by the patient, 
the employer, and the physician as well as 
the community. 
It must be remembered that many con- 
tributions made to the progress of medicine 
were developed from the “initial association” 
of observations by the practicing physician 
which ultimately led to further scientific 
investigations and discovery. 
Tuomas F. Mancuso, M.D. 
Chief, Division of Industrial Hygiene 
Ohio Department of Health 

Ohio's Health| 


[From: 


mee 
- 
% 
F 
Ee 
[21] 205 


A. M. 


ARCHIVES OF INDUSTRIAL HEALTH 


ANTHRAX REPORT 


Although there are occasional epidemics 
of anthrax among the United 
States, effective control measures, such as 


animals in 


vaccination, have kept the disease from being 
a major economic problem in this country. 

The same is not true of parts of Asia, 
Africa, and Southern Europe, sources of raw 
wool for rugs and other woolen goods, goat 
hair, and hides. Consequently, workers in 
United States industrial plants processing 
these materials are, to some extent, threat- 
ened by a disease which is effectively con- 
trolled in animals. 

Animals contract anthrax by grazing in 
areas contaminated with long-lived anthrax 
spores. The spores, which may last as long 
as 40 years, “come to life” and start multi- 
plying in the host animal, cattle, sheep, goats, 
and sometimes hogs and horses. If untreated, 
95% of afflicted animals die. 

Man, especially the industrial worker, con- 
The 


victim may come into contact with the wool 


tracts anthrax in a different manner. 


itself or often is a machinist or maintenance 
man, working on equipment used to process 
raw wool. 

This case, from Ernest J. Witte, D.V.M., 
Chief, Division of Veterinary Public Health, 
Pennsylvania Department of Health, is fairly 
typical : 

“A case of cutaneous anthrax was reported 
on Oct. 18, 1955, by Dr. P. S. Brachman and 
the Veterinary Public Health Section of the 
Philadelphia Department of Health. 

“The patient, a 51-year-old white male, 
was employed at the P - - - - - Company, 
where he has worked for the past 15 years as 
a mechanic and oiler. However, immediately 
prior to his illness, he had been working on 
an old crush roller, a machine which crushes 
burrs in raw wool. The patient recalled 
scraping his left index finger and possibly 
also his left forearm. On October 15, he 
noticed a small blister on his left forearm. 
On October 17, it was considerably larger 
and he reported to the company physician. 
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A smear was negative for Bacillus anthracis, 
but a culture from the lesion was positive. 

The company physician referred the pa- 
tient to his private physician for treatment. 
The lesion developed vesicles which ruptured, 
and a black eschar soon formed. The patient 
was not hospitalized but received 600,000 
units of procaine penicillin intramuscularly 
daily for a total of seven days. He made an 
uneventful recovery. 

“This is the second anthrax case reported 
from this company this year and the sixth 
case reported since 1948.” 

Similar cases were reported earlier in 1955, 
one from Pennsylvania, another from North 
Carolina. In each case, the worker was not 
involved in direct production of woolen goods 
but was a mechanic, subject to the minor 
cuts and scrapes that often afflict such arti- 
sans. 

In these cases, it can be conjectured that 
anthrax spores were transferred from the 
contaminated wool to the machinery and then 
found access to the blood streams of their 
human hosts through minor breaks in the 
skin. Penicillin is the drug of choice in the 
treatment of human anthrax, and these cases 
made uneventful recoveries. 

However, it is not so simple to trace 
every case of human anthrax to its source. 


Dr. Mason Romaine, of the Virginia Depart- 
ment of 


Health, has reported a case of 
anthrax, confirmed by laboratory examina- 
tion, in a person who worked in a jute mill, 
2000 or 3000 ft. from the nearest source of 
raw wool. This is the fourth case reported 
in Virginia this year, all from the same area. 

Despite fairly wide understanding of an- 


thrax among 


medical and 


public health 
people, it still is a fearsome disease to those 
with meager knowledge and vast misinfor- 
mation, as exemplified by the following ex- 
cerpt from a report, made by a public health 
investigator, on an anthrax case in a South 
Atlantic State. 


[22] 


= 


OCCUPATIONAL HEALTH NEWS 


“Of course the diagnosis of anthrax in this 
woman was immediately spread through the 
rest of the community and some degree of 
hysteria resuited. It is of interest that the 
physician in charge of the case told us he 
once had taken care of a case of anthrax 25 
years ago and at that time was shut up in the 
room with the patient until the patient died 
so that he would not spread the disease to 
others. Apparently, this experience was not 
dulled over the past 25 years and the doctor 
let it be known that this patient was highly 
infectious and is said to have told the hospi- 
tal personnel and visitors that anyone touch- 
ing the patient might die. 

“As a result no one except her husband 
did touch the patient for about the first three 
days of her hospitalization, and although she 
did receive her antibiotics, apparently was 
cared for quite miserably in every other 
sense, 

“The husband, who stayed faithfully with 
the patient, changed his will three times dur- 
ing the first week of her hospitalization. The 
doctor said that he ordered cultures of the 
lesion on about the third day of her hospitali- 
zation but that it took three more days for 
the technicians to get up the nerve to carry 
out this order. 

“At the time | 
of human cutaneous anthrax was still poorly 


arrived the epidemiology 


understood by most of the people involved. 
I was told by Dr. ——-——— that my visit to 
the patient’s home, which included a history, 


pertinent physical examination and loads of 
reassurance and explanation, was worth all 
the expense involved in this investigation 
if nothing more came of it. I might also add 
that the clinical summary I am submitting 
is gotten almost solely from the patient. The 
hospital records consisted of a temperature 
chart which was about 30 per cent complete 
and nurses’ notes, consisting mostly of medi- 
cations given. I was unable to find any notes 
by a physician concerning this case.” 

Modern environmental control of indus- 
trial anthrax places emphasis upon good 
practices, dust control, ade- 
quate exhaust facilities, and isolation of the 


housekeeping 


handling of potentially infective materials 
from other operations. Housekeeping is fa- 
cilitated if factories are constructed so that 
they may be cleaned daily by wet sweeping 
or vacuum cleaning. 

In the light of the occurrence of industrial 
cases among machinists, more than among 
those who handle the wool or hides, it should 
be emphasized to employees that any cuts, 
scratches, abrasions or pimples, no matter 
how small, should be reported to the first aid 
or medical station of the plant. Maintenance 
men often are prone to overlook small cuts 
or scratches, considering them natural haz- 
ards of the work. For this reason, the main- 
tenance group should be especially instructed 
on how anthrax is contracted and how it may 
be prevented. 
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Rockefeller Grant for California 


A three-year grant, totalling $150,000, has 
been made by the Rockefeller Foundation 
to the Bureau of Chronic Diseases of the 
California Department of Public Health to 
investigate the relationship of occupational 
and other environmental factors to heart dis- 
‘ase, cancer, and other chronic diseases. 

According to the California announcement, 
“it has been suspected for a long time that 
environmental influences play a major part in 
the incidence of chronic disease. This study 
will concentrate upon understanding these 
influences. 


“It is expected that information gained 
from the investigation will contribute sub- 
stantially to the department’s chronic disease 


prevention program.” 


The grant comes after several years of 
study in which the department identified cer- 
tain occupations as probable factors in the 
causation of lung cancer. A study team, in- 
cluding a physician and a social research 
technician, will organize and carry out the 


project field studies. 


SIXTEEN RULES FOR INSECTICIDE SAFETY 


Problems of insecticides have spread beyond the 
farm. New and powerful poisons threaten the “do- 
it-yourself” city gardener as well as the farmer. 
Here is how one state Health Department warns 
of the hazards. 


Health officials in Texas, as in many other 
agricultural states, contemplate the coming 
of spring with some misgivings. Along with 
the change in the weather come the use of 
insecticides and the dangers that accompany 
them. 

To emphasize the dangers, the Texas State 
Health Bulletin, published by the Texas State 
Department of Health, has drawn up a set 
of rules for safe handling and use of pesti- 
cides. 

“Pity the poor insect,” declares the Bulle- 
tin. “A single breath of the lethal spray, a 
single drop on his tiny body, a single bite of 
spray-covered green and his doom is sealed. 

“His only consolation, but a_ satisfying 
one: His executioner, being human, is liable 
to the human disease of carelessness. 

“This can mean that the man behind the 
spray gun stands at least a fair chance of 
being himself a victim of the very weapon 
he employs against the insect. So it is that 
the executioner becomes the executed.” 

To situation, Texas officials 
consulted a number of chemical experts on 
insecticides and, from advice of these chem- 
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avoid this 


ists, compiled the following 16 simple rules 
for insecticide safety: 

1. Read the label carefully. Make sure vou 
understand it. Pay particular attention to 
and precautions to be taken 


before opening a container and before each 


the warnings 


use. Too many users of insecticides disregard 
warnings, thinking the warnings are ex- 
aggerations. 

2. Keep pesticides out of the reach of 
children, pets and irresponsible persons. In 
the event of an accidental poisoning, call a 
physician or get the victim to a hospital at 
once. 

3. Always keep pest control material in 
Make sure that the 
container is kept closed and that the warn- 
ing label is not detached. 


its original container. 


4. Never give anyone a portion of pesti- 
cide in an unlabeled container. If you do 
share your pesticide, copy the warning label 
from the original package and attach it to 
the new container. 

5. When through using a container of in- 
secticide, store it in a locked closet or on a 
shelf that is not accessible to children. In- 
secticides should not be exposed to extremes 
of heat or cold. 


6. Do not store pesticides where food or 
feed stuffs are stored or handled. 

7. When spraying edible plants, take pains 
to minimize the amount of spray you get 
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on the edible parts. And be positive the 
edible parts are thoroughly washed before 
they can be eaten. 

8. Wash hands and face thoroughly after 
spraying or dusting with pesticides. 

9%. Do not smoke while spraying or dust- 
ing. Pesticides can be transferred to the 
mouth, resulting in illness or death. 

10. Care should be taken to see that the 
pesticide is not spilled on skin or clothing. 
If this happens, wash the affected part and 
change clothing. 

11. When working with highly toxic pesti- 
cides (read the label), wear a respirator or 
tie a damp cloth over the nose and mouth. 

12. Wash clothing thoroughly after each 
spray job. 


A Pamphlet on Manganese 


The Bureau of Adult and Occupational 
Health of the New Jersey State Department 
of Health has published a pamphlet on the 
problems of manganese as the latest in its 
series of Occupational Health Bulletins. 

The new publication describes the vhysical 
and chemical characteristics of manganese, 
its appearance in the natural state, and the 
uses of manganese and its compounds in 
industry. 


After a discussion of the toxicology of the 
element, the bulletin outlines symptoms of 
industrial medical 


manganese poisonings, 


control, and a basic medical control pro- 


gram. 

In addition, the New Jersey publications 
discuss some of the chemical and engineer- 
ing problems involved in detection and de- 
termination of manganese in air. 

The pamphlet concludes : 

Control measures recommended for an effective 
industrial health program where potential hazards 
to manganese bearing dust and/or fumes might exist 
are as follows: 

1. Manganese dust and/or fumes should be re- 
moved at point of generation or dissemination. 


Methods include exhaust 
ventilation, wet methods and good housekeeping. 


commonly used local 


13. Exercise extreme care when spraying 
around pets or livestock. Cover their food 
and water containers. 


14. Do not spray near fish ponds when 
the wind may carry spray and contaminate 
the pond. 

15. Do not use hormone weed killers, like 
2.4-D or 2,4,5-T, in the same equipment 
used to spray pesticides or fertilizers. It is 
almost impossible to remove all traces of 
the weed killer and valuable plants may be 
killed. 

16. When the last bit of pesticide has been 
emptied from a container, destroy the con- 
tainer ; there still may be enough residue left 
to hurt a child or a pet. 


2. Whenever feasible, those processes which pro- 
duce the contamination of the work room environ- 
ment should be isolated. 


3. When all 


practical and only under those conditions, Bureau 


other control measures prove im- 
of Mines approved respirators for such dust and/or 
should be provided exposed workers. 

4. The 


should be periodically tested by qualified personnel 


environmental work room atmosphere 
to determine the concentrations of manganese dust 
and/or fumes to which workers are exposed. 

5. The floors, ledges, overhead structures, station- 
ary machines and other objects should be cleaned 
frequently and routinely. This should be done by 
means of suitable vacuum cleaners. Dry sweeping 
is not recommended; it should be done wet. 
should be with 


adequate shower and washing facilities. In addition 


6. Exposed workers provided 


it would be advisable to maintain separate lockers 
for work and street clothes. 

7. Eating and smoking should be prohibited at 
work places. Lunchrooms should be located away 


from work areas. 


The maximum a!lowable concentration of 
manganese dust and/or fumes in the work 
room atmosphere is considered to be 6 mg. 
per cubic meter of air, based on a daily eight- 
hour exposure. The aforementioned threshold 
limit value was adopted at the Sixteenth 
Annual Meeting of the American Confer- 
ence of Governmental Industrial Hygienists, 
Chicago, April 24-27, 1954. 
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DIAGNOSIS, TREATMENT AND PROGNOSIS 
OF ROENTGEN RAY INJURIES TO 


DENTISTS 


With the increased use of ionizing radiations in 
medicine and industry, professional workers in the 
industrial hygiene field are becoming more conscious 
of existing hasards of roentgen ray exposure. 
Presentations such as this one may point the way to 
greater safety in the future. 


The problem of roentgen ray injury to the 
dentist is similar to that of such injury to 
the physician. Too often the only qualifica- 
tion deemed necessary to practice roentgen- 
ology is the possession of roentgenologic 
apparatus. Even if the average physician 
or dentist takes the time and trouble to ac- 
quaint himself with the hazards of roentgen 
ray exposure and the means of prevention, he 
only too frequently forgets what he has 
learned or develops a daredevil disregard 
for the danger. The onset of changes in the 
skin is frequently so insidious that irrepar- 
able damage is often done before the condi- 
tion is recognized. 

The Mayo Clinic has examined 140 phys- 
cians, 52 dentists, 1 osteopath, and 1 physi- 
cian’s wife in whom roentgen ray dermatitis 
of the hands developed as a result of their 
occupational exposure to roentgen rays. The 
youngest physician so injured was 29 years 
of age, and the oldest was 75 at the time they 
were first examined at the Clinic. The aver- 
age age of the physicians was 55 years. The 
youngest dentist with roentgen ray dermatitis 
was 34 years of age and the oldest was 66 
years. The average age of this group was 


\Whereas most physicians received roent- 
gen ray injuries through making prolonged 
fluorscopic examinations without proper pre- 
cautions being taken against overexposure, 
the dental group received their injuries by 
holding the films in the mouths of patients 
while getting roentgenograms of the teeth. 
In the latter group, it was the index finger 
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and thumb of one or both hands that were 
most frequently involved. 

Of the group of 194 patients with chronic 
roentgen ray dermatitis of the hands, 61, or 
31%, experienced malignant degeneration of 
the lesion. One physician and one dentist 
are known to have died as a result of the dis- 
ease. Additional fatalities may be assumed, 
however, since metastases were present in 
two physicians and three dentists at the time 
of their examination. 

An overdose of radiation of the skin results 
in either acute or chronic roentgen ray der- 
matitis. Whether the condition is acute or 
chronic depends on the manner in which the 
overdose is received. The acute reaction may 
be due to a single massive dose, intentional 
or otherwise, or to several exposures at short 
intervals. It may be an expected reaction 
which accompanies massive irradiation used 
in an attempt to eradicate an underlying 
malignant growth, and, in such a situation, 
it is a justifiable occurrence. Too often, how- 
ever, an acute radiation burn follows a pro- 
longed fluoroscopic examination or an acci- 
dentally delivered overdose; it is these in- 
stances that should be avoided. 

Whereas acute roentgen ray dermatitis is 
the result of a single massive dose or frequent 
doses at short intervals, chronic roentgen ray 
dermatitis is the result of many exposures 
over a long time. This chronic form may be 
observed after the treatment of such condi- 
tions as acne, psoriasis, and warts but is most 
frequently observed on the hands of physi- 
cians and dentists who are doing roentgeno- 
graphic examinations without taking proper 
precautions. The onset of the dermatitis is 
insidious, without pain or erythema to call 
attention to the recipient that certain skin 
changes are occurring which may ultimately 
affect his limb or even his life. 
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The best treatment for chronic roentgen 
ray dermatitis is preventive in character. No 
matter what the calibration of his machine 
may be, a physician or dentist should never 
expose himself or his hands to roentgen rays. 

A technic for taking dental roentgeno- 
grams wherein the technician is almost com- 
pletely eliminated from the hazard of any 
exposure has been developed at the Mayo 
Clinic. The patient holds the film in his own 
mouth while the operator steps behind a 
leaded partition to make the exposure. 

The patient cannot possibly suffer from 
the minimal dose received, but the operator 
could suffer from accumulated doses if he 
exposed himself to them. A further precau- 
tion taken at the Clinic is the compulsory 
annual examination of the hands of all per- 
sonnel whose daily work entails any possible 
exposure to radiation damage. 

Once chronic roentgen ray dermatitis has 
become established, it is imperative that fur- 
ther exposure to roentgen rays be avoided. 
The hands should be examined every six 
months by a competent dermatologist. Com- 


plete removal of keratotic areas by fulgura- 
tion usually will prevent carcinomatous de- 
generation. Trauma or infection may pro- 
duce ulceration in a hyperkeratotic area, and, 
when this occurs, wide excision to healthy 
skin and the placing of a skin graft may 
easily effect a cure. When there is even the 
slightest suspicion that malignant degenera- 
tion may be present, a biopsy should be 
performed. The degree of malignancy and 
the location of the determine 
whether excision and a skin graft or amputa- 


lesion will 
tion is the treatment of choice. To temporize 
and try to save a digit when amputation 
could be performed might result in metas- 
tasis and death. 


It seems reasonable to expect that a third 
of all patients with chronic roentgen ray 
dermatitis will develop malignant degenera- 
tion. When metastasis to regional lymph 


nodes occurs, the prognosis is grave. 
[Young, H. H., and Kunkel, M. G.: 


Treatment and Prognosis of Roentgen Ray Injuries 


to Dentists, J. Am. Dent. A. 54:1-7 (July) 1955.] 


Diagnosis, 


PARATHION: Delayed Action 


The fact that the hazards of parathion are 
not confined to the actual spraying is graph- 
ically illustrated by a recent incident reported 
in California Safety News, published by the 
Calitornia Department of Industrial Rela- 
tions, Division of Industrial Safety. 

\ spray rig was brought to an implement 
company for overhauling, and one of the 
owners, unaware that the rig had been used 
to spray parathion, directed a mechanic to 
clean the tank with a spray gun. 

After cleaning the outside, the mechanic 
let the steam gun run into the tank for a 
time and then went into the tank to clean 
the inside surface. He felt sick before long, 
and another employee replaced him. 


Both employees were sick by quitting time. 
When they returned to work the following 
morning, still ill and still wearing the work 
clothing they had on the day before, their 
employer called the agricultural commis- 


sioner. The commissioner advised the em- 


ployer of the dangers of parathion and 
recommended medical care for the ill em- 
plovees. 

The California Division of Industrial 


Safety is preparing a statement warning of 
the dangers of such exposures for distribu- 
tion to dealers and firms which service agri- 
cultural machinery. 
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A Carbon Tetrachloride Fatality 


The dangers of carbon tetrachloride are not lim- 
ited to the factory. In the case presented here, use 
of carbon tetrachloride by a commercial cleaning 
firm apparently caused the death of a person who 
had no chance of protecting herself. 


From the Texas State Department of 
Health comes this unusual investigation re- 
port of a case of fatal carbon tetrachloride 
poisoning. 

Miss X lived in a two-room hotel apart- 
ment in a good-sized Texas city. The air- 
conditioned apartment was on the fourth 
floor, in the northwest corner of the building. 
The air-conditioning system, manufactured 
by the Y Company, supplies refrigerated air 
through central ducts, with individual ducts 
to each room. The flow of air to each room 
can be controlled. Room air is returned to 
the system by louvred openings in the doors 
and walls of the apartments, which lead to 
the central return system in the corridor of 
each floor. These return openings cannot be 
controlled. In Miss X’s apartment there were 
three return openings and two inlets for re- 
frigerated air. 

Since the investigation was made after 
death, it was impossible to determine the con- 
ditions that existed in the apartment at the 
time of toxic exposure. Information on this 
case was obtained by questioning employees 
of Miss X, employees of the hotel, employees 
of a rug cleaning concern involved, and drug- 
gists and physicians. 

An autopsy was performed following the 
death of Miss X, and the findings indicated 
that cause of death was poisoning by a chlori- 
nated hydrocarbon. The medical history 
stated that Miss X was a moderate user of 
alcohol, which could or could not affect the 
cause of death. This history is given only 
because alcohol might have increased the 
toxicity of the chlorinated hydrocarbon com- 
pound. 

Here is the sequence of events leading up 
to the death of Miss X: On July 12, 1955, it 
was noted that there were a number of paint 
spots on the divan and carpet in Miss X’s 
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apartment. The hotel employees tried to 
remove these spots with a detergent and 
water but were not successful. A rug clean- 
ing company was contacted and came the 
following day. The rug cleaning company’s 
employee reported to the apartment and, 
using carbon tetrachloride, removed the spots 
from the carpet. He said he was unable to 
clean the divan, that it had to be taken to 
the rug cleaning shop to be cleaned. 

The company employee had been with the 
firm for 20 years, and in checking his equip- 
ment, the health department investigators 
found a 1 pt. plastic flask containing carbon 
tetrachloride. 

The workman said that he had used about 
half the contents of the flask in removing 
the spot and then had used a detergent mixed 
with water to wash the stained part of the 
rug. This detergent-water mixture had been 
removed with an industrial-type vacuum 
cleaner. Hotel employees verified this phase 
of the report. 

Miss X was in and out of the apartment 
during the cleaning operation. Her secretary 
remained in the room during the entire clean- 
ing operation, which took about 45 minutes. 
During this interval, Miss X’s maid was in 
the room intermittently, 

Soth the secretary and the maid reported 
that they had headaches in the afternoon but 
felt better later in the evening. The secretary 
and the maid said that Miss X was not in the 
apartment more than 45 minutes between 
1 p.m., when the cleaning operation started, 
and 6 p.m. 

At approximately 8 p.m. on July 14, Miss 
X complained that she was feeling ill and 
asked her maid to remain in the apartment 
overnight. At the same time she called her 
private physician. He came to see her the 
following morning, July 15, and ordered her 
to a hospital. Her progress in the hospital 
was steadily downhill, and she died on July 
24. 

Since more than 10 days had elapsed be- 
tween Miss X’s fatal exposure and the begin- 
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ning of the investigation, there were many 
problems encountered in definitely proving 
that carbon tetrachloride was the sole cause 
of death. 

The health department sought information 
from a refrigeration engineer of the Y Com- 
pany, who gave assistance in determining 
the input of air into the apartment as well 
as the air circulation. 

Miss X’s secretary said that the air condi- 
tioning equipment was turned on the afternoon 
the rugs were cleaned but was uncertain as 
to whether or not the equipment was at full 
velocity. Measurements were made in both 
the living room and the bed room at full and 
half volume for the equipment. 

At full operation, the air conditioning 
equipment in the living room brought in 700 
cu. ft. per minute. At half operation, this 
fell to 500 feet per minute. In the bedroom, 
the unit provided 800 cu. ft. per minute at 
full operation and 500 cu. ft. per minute when 
half-opened. The exhaust speed in both 
rooms was measured at 300 cu. ft. per minute 
at all three units. 

Smoke was used to visualize air movement 
in the apartment. Air circulation was excel- 


lent in that cold air moved across the living 
room and was returned approximately 1 it. 
above the floor level to the exhaust in the 
door. The temperature at the time of our 
investigation was 72 F. In determining the 
amount of vapors present in the room, we 
assumed that 1 pt. of carbon tetrachloride 
was employed, which would give a concen- 
tration of 63.5 parts per million at any one 
time based on the cubic feet of space in the 
room. If the air conditioning had been shut 
off, there still would be air movement but 
dead air spaces would occur in certain parts 
of the room. 


In summation it can be said that Miss X 
was a dynamic person, driving herself in her 
chosen vocation. She was a moderate user 
of alcohol and had irregular eating habits. 
She became ill 24 hours after carbon tetra- 
chloride was used to clean a carpet in her 
apartment. The final medical diagnosis re- 
vealed carbon tetrachloride poisoning, toxic 
hepatitis due to carbon tetrachloride poison- 
ing, and renal insufficiency due to carbon 
tetrachloride poisoning. 


New Toxicology Laboratory 


A State Toxicology Laboratory, headed 
by Dr. Theodore A. Loomis, toxicologist 
for the State of Washington and associate 
professor of toxicology at the University of 
Washington School of Medicine, was opened 
last fall. 

Although the new laboratory was estab- 
lished primarily to serve county coroners and 
prosecuting attorneys, according to Dr. 
Loomis, it may be called upon by appropriate 
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official authority to investigate industrial 
deaths where the cause is questionable. 


“In general,” according to the State of 
Washington report on the new laboratory, 
“there is no overlapping of the laboratory’s 
activities with those of the Washington En- 
vironmental Research Laboratory which is 
primarily concerned with the prevention of 
industrial chemical hazards and excessive air 
pollution.” 
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PSITTACOSIS 


A report in December from Dr. R. H. 
Heeren, Iowa Department of Health, on two 
cases of psittacosis in employees of a turkey- 


processing plant, points up again the preva- 
lence of the disease. In the same month, the 
California Department of Public Health 
reported four cases, two in employees of a 
commercial aviary, one in an individual who 
raised birds for a hobby, and one directly 
traced to a pet parakeet. 

Psittacosis or ornithosis, the latter term 
usually being used for the disease when it 
comes from birds other than those of the 
parrot family, has been traced to many 
sources. 

One of the most unusual occupational out- 
breaks of the disease apparently occurred 
regularly in the Faroe Islands. The disease, 
once described as atypical pneumonia, pri- 
marily affected middle-aged women of the 
islands. Further investigation in 1939 re- 
vealed the disease as clinically similar to 
psittacosis. Study of the affected groups 
showed that in the late summer and early 
autumn of each year, concurrent with the 
outbreak of the “atypical pneumonia,” the 
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middle-aged women of the islands caught 
newly born young of the Arctic fulmar petrel 
and dressed and salted down the birds for 
food during the winter. The Arctic fulmar 
petrel was found to be infected with the 
disease, as were the young birds and the 
women who caught them. 

Birds infected with the virus that causes 
psittacosis have been found in racing pigeon 
lofts, on chicken and turkey farms, in com- 
mercial and private aviaries, on duck farms, 
and in buildings frequented by regular, run- 
of-the-mill “city” pigeons. An outbreak of 
psittacosis in Cincinnati, among a group of 
workmen cleaning the top floors of an aban- 
doned water tower, was attributed to the 
droppings of pigeons that formerly lived in 
the tower. 

The cases reported by Dr. Heeren from 
lowa were mild but fairly typical. One of 
two workers was absent from his job for 10 
days. The other stayed at work during his 
illness. Complement-fixation tests performed 
on blood from both patients were positive in 
each case. 
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Potentials for Occupational Health 


When local health departments can be per- 
suaded to attempt even minimal occupational 
health industrial 
establishments and workers in their general 
health planning, a beginning will have been 
made toward solving the problem of medical 
services for small industrial plants. Strong 


functions and to include 


community organizations may well supply 


the impetus for better health care for all 
members of the community. The State-level 
occupational health program must be ready 
and available for teaching, information, dem- 


onstration and technical assistance. 


DanieEL BercGsma, M.D. 


New Jersey State Commissioner of Health 


A New Director for Connecticut 


Dr. Joseph J. Stapor has been appointed 
Director of the Bureau of Industrial Hygiene 
of the Connecticut Department of Health. 

A native of Derby, Conn., Dr. Stapor 
attended the College of the Holy Cross, in 
Worcester, Mass., and received his M.D. 
degree from the Long Island College of 
Medicine, Brooklyn. 

Completion of his academic training was 
delayed for 27 months, between 1943 and 
1946, while he served in the U. S. Army. 
After graduation from medical school, Dr. 
Stapor interned at St. Francis Hospital, 
Hartford, Conn., and then in 1949 and 1950 
was stationed in the Cincinnati district as 


assistant medical examiner for the Baltimore 
and Ohio Railroad Company. 

From 1950 to 1952, Dr. Stapor was in the 
U.S. Air Force and was released from active 
duty as a captain. 

He held a one-year fellowship in industrial 
medicine, sponsored by the General Motors 
Corporation, which included a semester of 
study at the University of Michigan School 
of Public Health. After completion of this 
training, Dr. Stapor became medical director 
of the General Motors Corporation assembly 
plant at Framingham, Mass., a post which 
he held until his present appointment. 


Massachusetts Takes to the Air 


The Massachusetts Division of Occupa- 
tional Hygiene and the Massachusetts Health 
Council have been cooperating in the recent 
few months on presentation of a series of 
occupational health programs broadcast by 
radio stations in Boston and Springfield. 

Dr. Alice M. Broadhurst, occupational 
hygiene physician for the Division, has re- 
corded the talks for transcription broadcast. 


So far, a talk on “Carbon Tetrachloride 
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Poisoning” has been given nine times; one 
on lead poisoning has been heard seven 
times, and one on “Dust—Its Dangers’’ has 
been presented three times. 

From inquiries received by the Division 
and by the radio stations concerned, person- 
nel of the Division have concluded that the 
programs have had favorable reception and 
broad appeal. 
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Olivine as a Molding Medium in Foundries 


Because olivine, a magnesium orthosilicate 
composed of forsterite (MgeSiO,) and 
fayalite (Fe,SiO,), may replace silica mold- 
ing sands and thus eliminate the hazards of 
silicosis in the foundry industry, those pro- 
moting industrial health are watching with 
interest the development and acceptance of 
olivine as a molding sand. 

In any industry where a new process is 
being developed there are many technical 
problems that need to be solved before there 
is general acceptance of the new process. 
Profs. Gilbert S. Schaller and William A. 
Snyder, of the University of Washington 
Department of Mechanical Engineering, have 
been actively engaged in solving some of 
these technical aspects of the change to 
olivine. Through experiments in their pilot 
foundry they have demonstrated the feasi- 
bility of using olivine as a molding sand. 

At present two steel foundries are routinely 
using olivine in the commercial production 
of high-alloy and manganese steel castings. 
An interesting side light on this is that a 
few years ago a molder would have asked, 
“What is olivine’? Now an incident is re- 
ported about a foundry which refused to 
fabricate hammer-mill parts until a shipment 
of olivine arrived. The reason was that olivine 
produced a product superior to that of silica 
sands. 
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Originally, it was believed that olivine and 
silica sands could not be used in the same 
foundry because they would tend to con- 
taminate each other and lower the quality 
of the castings. Consequently, great care was 
exercised in keeping the two sands from 
being mixed. In a series of studies conducted 
by Schaller and Snyder, it was found that 
olivine and silica can be combined success- 
fully in facings for silica sand molds. 

Currently Professor Snyder, in cooperation 
with a Northwest foundry, is experimenting 
with the use of olivine in the shell-molding 
process. His tests, along with those con- 
ducted by other groups, indicate that properly 
prepared olivine is superior to silica sands 
for this process. 

Another research institution has conducted 
tests of olivine and has reported spotty re- 
sults, A part of this trouble apparently stems 
from the use of a poorly prepared olivine 
which contained clay and other impurities. 
As a result, there was little acceptance of 
this product. 

Olivine also is being used for sand 
blasting, roof chips, traction sand, and in 
ceramics. 

Environmental Research Laboratory, 
University of Washington, 
Seattle, Washington 
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